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<no> Hugh Allen Oliver Hill et al . 

<12 0> HYDROGEN PEROXIDE OXIDATION 

<130> H0-P03373US0 

<160> 36 

<170> Patentln version 3.2 

<210> 1 

<211> 1248 

<212> DNA 

<213> Pseudomona s put i da 



<220> 

<221> CDS 

<222> (1) . . (1248) 

<400> 1 

atg acg act gaa acc ata caa age aac gec aat ctt gec cct ctg cca 4 8 

Met Thr Thr Glu Thr lie Gin Ser Asn Ala Asn Leu Ala Pro Leu Pro 
15 10 15 

ccc cat gtg cca gag cac ctg gta ttc gac ttc gac atg tac aat ccg 96 
Pro His Val Pro Glu His Leu Val Phe Asp Phe Asp Met Tyr Asn Pro 

20 25 30 

teg aat ctg tct gec ggc gtg cag gag gec tgg gca gtt ctg caa gaa 144 
Ser Asn Leu Ser Ala Gly Val Gin Glu Ala Trp Ala Val Leu Gin Glu 
35 40 45 



tea aac gta ccg gat ctg gtg tgg act cgc tgc aac ggc gga cac tgg 192 
Ser Asn Val Pro Asp Leu Val Trp Thr Arg Cys Asn Gly Gly His Trp 
50 55 60 

ate gec act cgc ggc caa ctg ate cgt gag gec tat gaa gat tac cgc 24 0 

lie Ala Thr Arg Gly Gin Leu lie Arg Glu Ala Tyr Glu Asp Tyr Arg 
65 70 75 80 

cac ttt tec age gag tgc ccg ttc ate cct cgt gaa gee ggc gaa gee 288 
His Phe Ser Ser Glu Cys Pro Phe lie Pro Arg Glu Ala Gly Glu Ala 

85 90 95 

tac gac ttc att ccc acc teg atg gat ccg ccc gag cag cgc cag ttt 33 6 

Tyr Asp Phe lie Pro Thr Ser Met Asp Pro Pro Glu Gin Arg Gin Phe 

100 105 110 

cgt gcg ctg gec aac caa gtg gtt ggc atg ccg gtg gtg gat aag ctg 3 84 

Arg Ala Leu Ala Asn Gin Val Val Gly Met Pro Val Val Asp Lys Leu 
115 120 125 

gag aac egg ate cag gag ctg gee tgc teg ctg ate gag age ctg cgc 432 
Glu Asn Arg lie Gin Glu Leu Ala Cys Ser Leu lie Glu Ser Leu Arg 
130 135 140 

ccg caa gga cag tgc aac ttc acc gag gac tac gee gaa ccc ttc ccg 4 80 

Pro Gin Gly Gin Cys Asn Phe Thr Glu Asp Tyr Ala Glu Pro Phe Pro 
145 150 155 160 

ata cgc ate ttc atg ctg etc gca ggt eta ccg gaa gaa gat ate ccg 52 8 

lie Arg lie Phe Met Leu Leu Ala Gly Leu Pro Glu Glu Asp lie Pro 

165 170 175 

cac ttg aaa tac eta acg gat cag atg acc cgt ccg gat ggc age atg 576 
His Leu Lys Tyr Leu Thr Asp Gin Met Thr Arg Pro Asp Gly Ser Met 

180 185 190 



acc ttc gca gag gee aag gag gcg etc tac gac tat ctg ata ccg ate 
Thr Phe Ala Glu Ala Lys Glu Ala Leu Tyr Asp Tyr Leu lie Pro lie 
195 200 205 



624 



ate gag caa cgc agg cag aag ccg gga acc gac get ate age ate gtt 672 
lie Glu Gin Arg Arg Gin Lys Pro Gly Thr Asp Ala lie Ser lie Val 
210 215 220 

gee aac ggc cag gtc aat ggg cga ccg ate acc agt gac gaa gee aag 720 
Ala Asn Gly Gin Val Asn Gly Arg Pro lie Thr Ser Asp Glu Ala Lys 
225 230 235 240 

agg atg tgt ggc ctg tta ctg gtc ggc ggc ctg gat acg gtg gtc aat 768 
Arg Met Cys Gly Leu Leu Leu Val Gly Gly Leu Asp Thr Val Val Asn 

245 250 255 

ttc etc age ttc age atg gag ttc ctg gee aaa age ccg gag cat cgc 816 
Phe Leu Ser Phe Ser Met Glu Phe Leu Ala Lys Ser Pro Glu His Arg 

260 265 270 

cag gag ctg ate gag cgt ccc gag cgt att cca gee get tgc gag gaa 8 64 

Gin Glu Leu lie Glu' Arg Pro Glu Arg lie Pro Ala Ala Cys Glu Glu 
275 280 285 

eta etc egg cgc ttc teg ctg gtt gee gat ggc cgc ate etc acc tec 912 
Leu Leu Arg Arg Phe Ser Leu Val Ala Asp Gly Arg lie Leu Thr Ser 
290 295 300 

gat tac gag ttt cat ggc gtg caa ctg aag aaa ggt gac cag ate ctg 960 
Asp Tyr Glu Phe His Gly Val Gin Leu Lys Lys Gly Asp Gin lie Leu 
305 310 315 320 

eta ccg cag atg ctg tct ggc ctg gat gag cgc gaa aac gee tgc ccg 1008 
Leu Pro Gin Met Leu Ser Gly Leu Asp Glu Arg Glu Asn Ala Cys Pro 

325 330 335 

atg cac gtc gac ttc agt cgc caa aag gtt tea cac acc acc ttt ggc 1056 
Met His Val Asp Phe Ser Arg Gin Lys Val Ser His Thr Thr Phe Gly 

340 345 350 

cac ggc age cat ctg tgc ctt ggc cag cac ctg gee cgc egg gaa ate 1104 
His Gly Ser His Leu Cys Leu Gly Gin His Leu Ala Arg Arg Glu lie 
355 360 365 

ate gtc acc etc aag gaa tgg ctg acc agg att cct gac ttc tec att 1152 
lie Val Thr Leu Lys Glu Trp Leu Thr Arg lie Pro Asp Phe Ser lie 
370 375 380 

gee ccg ggt gee cag att cag cac aag age ggc ate gtc age ggc gtg 1200 
Ala Pro Gly Ala Gin lie Gin His Lys Ser Gly lie Val Ser Gly Val 
385 390 395 400 

cag gca etc cct ctg gtc tgg gat ccg gcg act acc aaa gcg gta taa 124 8 

Gin Ala Leu Pro Leu Val Trp Asp Pro Ala Thr Thr Lys Ala Val 

405 410 415 



<210> 2 
<211> 415 
<212> PRT 

<213> Pseudomonas putida 
<400> 2 

Met Thr Thr Glu Thr lie Gin Ser Asn Ala Asn Leu Ala Pro Leu Pro 
15 10 15 

Pro His Val Pro Glu His Leu Val Phe Asp Phe Asp Met Tyr Asn Pro 

20 25 30 

Ser Asn Leu Ser Ala Gly Val Gin Glu Ala Trp Ala Val Leu Gin Glu 
35 40 45 

Ser Asn Val Pro Asp Leu Val Trp Thr Arg Cys Asn Gly Gly His Trp 
50 55 60 

lie Ala Thr Arg Gly Gin Leu lie Arg Glu Ala Tyr Glu Asp Tyr Arg 
65 70 75 80 



His Phe Ser Ser Glu Cys Pro Phe lie Pro Arg Glu Ala Gly Glu Ala 



3 



85 90 95 

Tyr Asp Phe lie Pro Thr Ser Met Asp Pro Pro Glu Gin Arg Gin Phe 

100 105 110 

Arg Ala Leu Ala Asn Gin Val Val Gly Met Pro Val Val Asp Lys Leu 
115 120 125 

Glu Asn Arg lie Gin Glu Leu Ala Cys Ser Leu lie Glu Ser Leu Arg 
130 135 140 

Pro Gin Gly Gin Cys Asn Phe Thr Glu Asp Tyr Ala Glu Pro Phe Pro 
145 150 155 160 

lie Arg lie Phe Met Leu Leu Ala Gly Leu Pro Glu Glu Asp lie Pro 

165 170 175 

His Leu Lys Tyr Leu Thr Asp Gin Met Thr Arg Pro Asp Gly Ser Met 

180 185 190 

Thr Phe Ala Glu Ala Lys Glu Ala Leu Tyr Asp Tyr Leu lie Pro lie 
195 200 205 

lie Glu Gin Arg Arg Gin Lys Pro Gly Thr Asp Ala lie Ser lie Val 
210 215 220 

Ala Asn Gly Gin Val Asn Gly Arg Pro lie Thr Ser Asp Glu Ala Lys 
225 230 235 240 

Arg Met Cys Gly Leu Leu Leu Val Gly Gly Leu Asp Thr Val Val Asn 

245 250 255 

Phe Leu Ser Phe Ser Met Glu Phe Leu Ala Lys Ser Pro Glu His Arg 

260 265 270 

Gin Glu Leu lie Glu Arg Pro Glu Arg lie Pro Ala Ala Cys Glu Glu 
275 280 285 

Leu Leu Arg Arg Phe Ser Leu Val Ala Asp Gly Arg lie Leu Thr Ser 
290 295 300 

Asp Tyr Glu Phe His Gly Val Gin Leu Lys Lys Gly Asp Gin lie Leu 
305 310 315 320 

Leu Pro Gin Met Leu Ser Gly Leu Asp Glu Arg Glu Asn Ala Cys Pro 

325 330 335 

Met His Val Asp Phe Ser Arg Gin Lys Val Ser His Thr Thr Phe Gly 

340 345 350 

His Gly Ser His Leu Cys Leu Gly Gin His Leu Ala Arg Arg Glu lie 
355 360 365 

lie Val Thr Leu Lys Glu Trp Leu Thr Arg lie Pro Asp Phe Ser lie 
370 375 380 

Ala Pro Gly Ala Gin lie Gin His Lys Ser Gly lie Val Ser Gly Val 
385 390 395 400 

Gin Ala Leu Pro Leu Val Trp Asp Pro Ala Thr Thr Lys Ala Val 

405 410 415 



<210> 3 

<211> 4957 

<212> DNA 

<213> Bacillus megaterium 



<220> 

<221> CDS 

<222> (1541) . . (4690) 
<400> 3 

agatctttat gaagacatag ctgcagaaga aaaagcaaga gctacatatc aatggttaat 60 



41 



tgatatatca 


gatgatcccg 


atttaaacga 


4 

cagcttacga 


tttttacgag 


aaagagagat 


120 


tgttcactca cagcggttcc gcgaggccgt ggagatttta aaagatgaca gagacaggaa 


180 


gaaaatcttt 


taactagtaa 


aaaaacatcc 


cccttggcga 


atgcaaacga 


aaggagggat 


240 


_, A A A A A - J. A- 1- . 

gttttttgtt 


gtgactgcgt 


tgattatgcg 


ctagaactgc 


agtgacaaga 


aacaaccttt 


300 


aatttccctt 


caacatcttt 


ccaaactcgc 


gtataactgt 


attcacctcc 


aatagattca 


360 


ccggttgcca 


gtgccccatt 


taacgctact 


tttgtaacgg 


taacggcaag 


ttcttgaaac 


420 


agtttaactt 


cttgttccaa 


cacttccatg 


cccgctatat 


caagactttt 


tgaacgatga 


480 


acatttatat 


cttcttcttt 


tgacaaccat 


tgcccaaggt 


gattcacaaa 


aataagctca 


540 


tctgaaagta 


attcttctaa 


tagctctatg 


i A - » k _ . , _ 

ttattagaaa 


gcatggctga 


gcgaagcatt 


600 


tcttcgtatt 


ctataactct 


tgcttgattc 


atttttaatc 


ctcctttacg 


ccttgtgtaa 


660 


ctcttttcta 


tttccacgtt 


J ■ ■ M _^ A A _ 

gcttttcctt 


taaacttctt 


tcattaataa 


ttcgtgctaa 


720 


attatgttaa 


tagaggggat 


aagtggacta 


attttctgta 


agcactaaat 


attctgaaat 


780 


actctgttaa 


ttacctttaa 


atggtataaa 


attagaatga 


aagaaccttt 


tctttccact 


840 


tttctagtta 


tctttttact 


attaagatgc 


agttttttat 


acttgtaatt 


gtagcggaat 


900 


gaacgttcat 


tccgtttttg 


aaaagaggtg 


ataaagtgga 


atctactcca 


acaaaacaaa 


960 


aagcgatttt 


ttctgcttcg 


cttctgctgt 


ttgcagaaag 


agggtttgat 


gcaaccacga 


1020 


tgccaatgat 


tgcagagaat 


gccaaagtag 


gagcaggaac 


aatttatcgc 


tactttaaaa 


1080 


ataaagaaag 


ccttgtaaat 


gaattattcc 


aacagcacgt 


aaacgagttt 


ttacagtgca 


1140 


ttgaaagcgg 


tctggcaaac 


gagagagatg 


gataccgaga 


tgggtttcat 


catatctttg 


1200 


aaggtatggt 


gacatttact 


aaaaaccatc 


ctcgtgctct 


tggatttatt 


aaaactcata 

• 


1260 


gccaaggaac 


ttttttaaca 


gaagagagcc 


gcttagcata 


tcaaaagctg 


gtggaatttg 


1320 


tttgtacgtt 


cttcagagaa 


ggacaaaagc 


aaggtgtgat 


tagaaatctt 


cctgaaaatg 


1380 


cgctaattgc 


tattttattt 


ggaagtttca 


tggaagtata 


tgaaatgatt 


gaaaatgact 


1440 


acttatcttt 


aactgatgaa 


cttcttaccg 


gtgtagaaga 


gagtctgtgg 


gcagcactta 


1500 


gcagacaatc 


atgaaactta 


acaagtgaaa 


gagggataac 


atg aca att 


. aaa gaa 


1555 



Met Thr lie Lys Glu 

1 5 

atg cct cag cca aaa acg ttt gga gag ctt aaa aat tta ccg tta tta 1603 

Met Pro Gin Pro Lys Thr Phe Gly Glu Leu Lys Asn Leu Pro Leu Leu 

10 15 20 

aac aca gat aaa ccg gtt caa get ttg atg aaa att gcg gat gaa tta 1651 
Asn Thr Asp Lys Pro Val Gin Ala Leu Met Lys lie Ala Asp Glu Leu 

25 30 35 

gga gaa ate ttt aaa ttc gag gcg cct ggt cgt gta acg cgc tac tta 1699 
Gly Glu lie Phe Lys Phe Glu Ala Pro Gly Arg Val Thr Arg Tyr Leu 
40 45 50 

tea agt cag cgt eta att aaa gaa gca tgc gat gaa tea cgc ttt gat 174 7 

Ser Ser Gin Arg Leu lie Lys Glu Ala Cys Asp Glu Ser Arg Phe Asp 
55 60 65 

aaa aac tta agt caa gcg ctt aaa ttt gta cgt gat ttt gca gga gac 1795 
Lys Asn Leu Ser Gin Ala Leu Lys Phe Val Arg Asp Phe Ala Gly Asp 
70 75 80 85 

ggg tta ttt aca age tgg acg cat gaa aaa aat tgg aaa aaa gcg cat 1843 
Gly Leu Phe Thr Ser Trp Thr His Glu Lys Asn Trp Lys Lys Ala His 

90 95 100 



aat ate tta ctt cca age ttc agt cag cag gca atg aaa ggc tat cat 18 91 

Asn lie Leu Leu Pro Ser Phe Ser Gin Gin Ala Met Lys Gly Tyr His 

105 110 115 

gcg atg atg gtc gat ate gec gtg cag ctt gtt caa aag tgg gag cgt 193 9 

Ala Met Met Val Asp lie Ala Val Gin Leu Val Gin Lys Trp Glu Arg 

120 125 130 

eta aat gca gat gag cat att gaa gta ccg gaa gac atg aca cgt tta 1987 

Leu Asn Ala Asp Glu His lie Glu Val Pro Glu Asp Met Thr Arg Leu 

135 140 145 

acg ctt gat aca att ggt ctt tgc ggc ttt aac tat cgc ttt aac age 2035 

Thr Leu Asp Thr lie Gly Leu Cys Gly Phe Asn Tyr Arg Phe Asn Ser 

150 155 160 165 

ttt tac cga gat cag cct cat cca ttt att aca agt atg gtc cgt gca 2083 

Phe Tyr Arg Asp Gin Pro His Pro Phe lie Thr Ser Met Val Arg Ala 

170 175 180 

ctg gat gaa gca atg aac aag ctg cag cga gca aat cca gac gac cca 2131 

Leu Asp Glu Ala Met Asn Lys Leu Gin Arg Ala Asn Pro Asp Asp Pro 

185 190 195 

get tat gat gaa aac aag cgc cag ttt caa gaa gat ate aag gtg atg 2179 

Ala Tyr Asp Glu Asn Lys Arg Gin Phe Gin Glu Asp lie Lys Val Met 

200 205 210 

aac gac eta gta gat aaa att att gca gat cgc aaa gca age ggt gaa 2227 

Asn Asp Leu Val Asp Lys lie lie Ala Asp Arg Lys Ala Ser Gly Glu 

215 220 225 

caa age gat gat tta tta acg cat atg eta aac gga aaa gat cca gaa 2275 

Gin Ser Asp Asp Leu Leu Thr His Met Leu Asn Gly Lys Asp Pro Glu 

230 235 240 245 

acg ggt gag ccg ctt gat gac gag aac att cgc tat caa att att aca 23 2 3 

Thr Gly Glu Pro Leu Asp Asp Glu Asn lie Arg Tyr Gin lie He Thr 

250 255 260 

ttc tta att gcg gga cac gaa aca aca agt ggt ctt tta tea ttt gcg 2371 

Phe Leu He Ala Gly His Glu Thr Thr Ser Gly Leu Leu Ser Phe Ala 

265 270 275 

ctg tat ttc tta gtg aaa aat cca cat gta tta caa aaa gca gca gaa 2419 

Leu Tyr Phe Leu Val Lys Asn Pro His Val Leu Gin Lys Ala Ala Glu 

280 285 290 

gaa gca gca cga gtt eta gta gat cct gtt cca age tac aaa caa gtc 2467 

Glu Ala Ala Arg Val Leu Val Asp Pro Val Pro Ser Tyr Lys Gin Val 

295 300 305 

aaa cag ctt aaa tat gtc ggc atg gtc tta aac gaa gcg ctg cgc tta 2515 

Lys Gin Leu Lys Tyr Val Gly Met Val Leu Asn Glu Ala Leu Arg Leu 

310 315 320 325 

tgg cca act get cct gcg ttt tec eta tat gca aaa gaa gat acg gtg 25 63 

Trp Pro Thr Ala Pro Ala Phe Ser Leu Tyr Ala Lys Glu Asp Thr Val 

330 335 340 

ctt gga gga gaa tat cct tta gaa aaa ggc gac gaa eta atg gtt ctg 2 611 

Leu Gly Gly Glu Tyr Pro Leu Glu Lys Gly Asp Glu Leu Met Val Leu 

345 350 355 

att cct cag ctt cac cgt gat aaa aca att tgg gga gac gat gtg gaa 2 65 9 

He Pro Gin Leu His Arg Asp Lys Thr He Trp Gly Asp Asp Val Glu 

360 365 370 

gag ttc cgt cca gag cgt ttt gaa aat cca agt gcg att ccg cag cat 2707 

Glu Phe Arg Pro Glu Arg Phe Glu Asn Pro Ser Ala He Pro Gin His 

375 380 385 

gcg ttt aaa ccg ttt gga aac ggt cag cgt gcg tgt ate ggt cag cag 2755 

Ala Phe Lys Pro Phe Gly Asn Gly Gin Arg Ala Cys He Gly Gin Gin 

390 395 400 405 



I) 



ttc get ctt cat gaa gca acg ctg gta ctt ggt atg atg eta aaa cac 2803 
Phe Ala Leu His Glu Ala Thr Leu Val Leu Gly Met Met Leu Lys His 

410 415 420 

ttt gac ttt gaa gat cat aca aac tac gag ctg gat att aaa gaa act 2851 
Phe Asp Phe Glu Asp His Thr Asn Tyr Glu Leu Asp lie Lys Glu Thr 

425 430 435 

tta acg tta aaa cct gaa ggc ttt gtg gta aaa gca aaa teg aaa aaa 2 8 99 

Leu Thr Leu Lys Pro Glu Gly Phe Val Val Lys Ala Lys Ser Lys Lys 
440 445 450 

att ccg ctt ggc ggt att cct tea cct age act gaa cag tct get aaa 2947 
lie Pro Leu Gly Gly lie Pro Ser Pro Ser Thr Glu Gin Ser Ala Lys 
455 460 465 

aaa gta cgc aaa aag gca gaa aac get cat aat acg ccg ctg ctt gtg 2 9 95 

Lys Val Arg Lys Lys Ala Glu Asn Ala His Asn Thr Pro Leu Leu Val 
470 475 480 485 

eta tac ggt tea aat atg gga aca get gaa gga acg gcg cgt gat tta 3 04 3 

Leu Tyr Gly Ser Asn Met Gly Thr Ala Glu Gly Thr Ala Arg Asp Leu 

490 495 500 

gca gat att gca atg age aaa gga ttt gca ccg cag gtc gca acg ctt 3091 
Ala Asp lie Ala Met Ser Lys Gly Phe Ala Pro Gin Val Ala Thr Leu 

505 510 515 

gat tea cac gee gga aat ctt ccg cgc gaa gga get gta tta att gta 313 9 

Asp Ser His Ala Gly Asn Leu Pro Arg Glu Gly Ala Val Leu lie Val 
520 525 530 

acg gcg tct tat aac ggt cat ccg cct gat aac gca aag caa ttt gtc 3187 
Thr Ala Ser Tyr Asn Gly His Pro Pro Asp Asn Ala Lys Gin Phe Val 
535 540 545 

gac tgg tta gac caa gcg tct get gat gaa gta aaa ggc gtt cgc tac 323 5 

Asp Trp Leu Asp Gin Ala Ser Ala Asp Glu Val Lys Gly Val Arg Tyr 
550 555 560 565 

tec gta ttt gga tgc ggc gat aaa aac tgg get act acg tat caa aaa 3283 
Ser Val Phe Gly Cys Gly Asp Lys Asn Trp Ala Thr Thr Tyr Gin Lys 

570 575 580 

gtg cct get ttt ate gat gaa acg ctt gee get aaa ggg gca gaa aac 3 331 

Val Pro Ala Phe lie Asp Glu Thr Leu Ala Ala Lys Gly Ala Glu Asn 

585 590 595 

ate get gac cgc ggt gaa gca gat gca age gac gac ttt gaa ggc aca 3379 
lie Ala Asp Arg Gly Glu Ala Asp Ala Ser Asp Asp Phe Glu Gly Thr 
600 605 610 

tat gaa gaa tgg cgt gaa cat atg tgg agt gac gta gca gee tac ttt 342 7 

Tyr Glu Glu Trp Arg Glu His Met Trp Ser Asp Val Ala Ala Tyr Phe 
615 620 625 

aac etc gac att gaa aac agt gaa gat aat aaa tct act ctt tea ctt 3475 
Asn Leu Asp lie Glu Asn Ser Glu Asp Asn Lys Ser Thr Leu Ser Leu 
630 635 640 645 

caa ttt gtc gac age gee gcg gat atg ccg ctt gcg aaa atg cac ggt 3523 
Gin Phe Val Asp Ser Ala Ala Asp Met Pro Leu Ala Lys Met His Gly 

650 655 660 

gcg ttt tea acg aac gtc gta gca age aaa gaa ctt caa cag cca ggc 3571 
Ala Phe Ser Thr Asn Val Val Ala Ser Lys Glu Leu Gin Gin Pro Gly 

665 670 675 

agt gca cga age acg cga cat ctt gaa att gaa ctt cca aaa gaa get 3 619 

Ser Ala Arg Ser Thr Arg His Leu Glu lie Glu Leu Pro Lys Glu Ala 
680 685 690 



tct tat caa gaa gga gat cat tta ggt gtt att cct cgc aac tat gaa 3 667 

Ser Tyr Gin Glu Gly Asp His Leu Gly Val lie Pro Arg Asn Tyr Glu 
695 700 705 



gga ata gta aac cgt gta aca gca agg ttc ggc eta gat gca tea cag 3 715 

Gly lie Val Asn Arg Val Thr Ala Arg Phe Gly Leu Asp Ala Ser Gin 
710 715 720 725 

caa ate cgt ctg gaa gca gaa gaa gaa aaa tta get cat ttg cca etc 3763 
Gin lie Arg Leu Glu Ala Glu Glu Glu Lys Leu Ala His Leu Pro Leu 

730 735 740 

get aaa aca gta tec gta gaa gag ctt ctg caa tac gtg gag ctt caa 3 811 

Ala Lys Thr Val Ser Val Glu Glu Leu Leu Gin Tyr Val Glu Leu Gin 

745 750 755 

gat cct gtt acg cgc acg cag ctt cgc gca atg get get aaa acg gtc 3859 
Asp Pro Val Thr Arg Thr Gin Leu Arg Ala Met Ala Ala Lys Thr Val 
760 765 770 

tgc ccg ccg cat aaa gta gag ctt gaa gec ttg ctt gaa aag caa gee 3 907 

Cys Pro Pro His Lys Val Glu Leu Glu Ala Leu Leu Glu Lys Gin Ala 
775 780 785 

tac aaa gaa caa gtg ctg gca aaa cgt tta aca atg ctt gaa ctg ctt 3 955 

Tyr Lys Glu Gin Val Leu Ala Lys Arg Leu Thr Met Leu Glu Leu Leu 
790 795 800 805 

gaa aaa tac ccg gcg tgt gaa atg aaa ttc age gaa ttt ate gee ctt 4 003 

Glu Lys Tyr Pro Ala Cys Glu Met Lys Phe Ser Glu Phe lie Ala Leu 

810 815 820 

ctg cca age ata cgc ccg cgc tat tac teg att tct tea tea cct cgt 4051 
Leu Pro Ser lie Arg Pro Arg Tyr Tyr Ser lie Ser Ser Ser Pro Arg 

825 830 835 

gtc gat gaa aaa caa gca age ate acg gtc age gtt gtc tea gga gaa 4099 
Val Asp Glu Lys Gin Ala Ser lie Thr Val Ser Val Val Ser Gly Glu 
840 845 850 

gcg tgg age gga tat gga gaa tat aaa gga att gcg teg aac tat ctt 414 7 

Ala Trp Ser Gly Tyr Gly Glu Tyr Lys Gly lie Ala Ser Asn Tyr Leu 
855 860 865 

gee gag ctg caa gaa gga gat acg att acg tgc ttt att tec aca ccg 4195 
Ala Glu Leu Gin Glu Gly Asp Thr lie Thr Cys Phe lie Ser Thr Pro 
870 875 880 885 

cag tea gaa ttt acg ctg cca aaa gac cct gaa acg ccg ctt ate atg 4243 
Gin Ser Glu Phe Thr Leu Pro Lys Asp Pro Glu Thr Pro Leu lie Met 

890 895 900 

gtc gga ccg gga aca ggc gtc gcg ccg ttt aga ggc ttt gtg cag gcg 4 2 91 

Val Gly Pro Gly Thr Gly Val Ala Pro Phe Arg Gly Phe Val Gin Ala 

905 910 915 

cgc aaa cag eta aaa gaa caa gga cag tea ctt gga gaa gca cat tta 433 9 

Arg Lys Gin Leu Lys Glu Gin Gly Gin Ser Leu Gly Glu Ala His Leu 
920 925 930 

tac ttc ggc tgc cgt tea cct cat gaa gac tat ctg tat caa gaa gag 43 87 

Tyr Phe Gly Cys Arg Ser Pro His Glu Asp Tyr Leu Tyr Gin Glu Glu 
935 940 945 

ctt gaa aac gee caa age gaa ggc ate att acg ctt cat ace get ttt 4435 
Leu Glu Asn Ala Gin Ser Glu Gly lie lie Thr Leu His Thr Ala Phe 
950 955 960 965 

tct cgc atg cca aat cag ccg aaa aca tac gtt cag cac gta atg gaa 44 83 

Ser Arg Met Pro Asn Gin Pro Lys Thr Tyr Val Gin His Val Met Glu 

970 975 980 

caa gac ggc aag aaa ttg att gaa ctt ctt gat caa gga gcg cac ttc 4 531 

Gin Asp Gly Lys Lys Leu lie Glu Leu Leu Asp Gin Gly Ala His Phe 

985 990 995 



tat att tgc gga gac gga age caa atg gca cct gee gtt gaa gca 
Tyr He Cys Gly Asp Gly Ser Gin Met Ala Pro Ala Val Glu Ala 
1000 1005 1010 



4576 
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8 

acg ctt atg aaa age tat get gac gtt cac caa gtg agt gaa gca 4 621 

Thr Leu Met Lys Ser Tyr Ala Asp Val His Gin Val Ser Glu Ala 

1015 1020 1025 

gac get cgc tta tgg ctg cag cag eta gaa gaa aaa ggc cga tac 4 666 

Asp Ala Arg Leu Trp Leu Gin Gin Leu Glu Glu Lys Gly Arg Tyr 
1030 1035 1040 

gca aaa gac gtg tgg get ggg taa attaaaaaga ggctaggata aaagtagttt 472 0 
Ala Lys Asp Val Trp Ala Gly 
1045 

agttggttga aggaagatcc gaacgatgaa tegtteggat ctttttattg gtagagtaaa 4 78 0 

egtagattte atctatttag tgacttgtag cggttgattg gagggcaagg tgaagactcc 4 84 0 

aatcaaccgc ggtgtcacat geaagecata cgaaattcat ttctcccatt tattegtett 4 900 

ttgtccccac ttaattttta tagegectta aegtttctte tgcgtgacag cagatct 4 957 

<210> 4 
<211> 1049 
<212> PRT 

<213> Bacillus megaterium 
<400> 4 

Met Thr He Lys Glu Met Pro Gin Pro Lys Thr Phe Gly Glu Leu Lys 
15 10 15 

Asn Leu Pro Leu Leu Asn Thr Asp Lys Pro Val Gin Ala Leu Met Lys 

20 25 30 

He Ala Asp Glu Leu Gly Glu lie Phe Lys Phe Glu Ala Pro Gly Arg 
35 40 45 

Val Thr Arg Tyr Leu Ser Ser Gin Arg Leu He Lys Glu Ala Cys Asp 
50 55 60 

Glu Ser Arg Phe Asp Lys Asn Leu Ser Gin Ala Leu Lys Phe Val Arg 
65 70 75 80 

Asp Phe Ala Gly Asp Gly Leu Phe Thr Ser Trp Thr His Glu Lys Asn 

85 90 95 

Trp Lys Lys Ala His Asn He Leu Leu Pro Ser Phe Ser Gin Gin Ala 

100 105 110 

Met Lys Gly Tyr His Ala Met Met Val Asp He Ala Val Gin Leu Val 
115 120 125 

Gin Lys Trp Glu Arg Leu Asn Ala Asp Glu His He Glu Val Pro Glu 
130 135 140 

Asp Met Thr Arg Leu Thr Leu Asp Thr He Gly Leu Cys Gly Phe Asn 
145 150 155 160 

Tyr Arg Phe Asn Ser Phe Tyr Arg Asp Gin Pro His Pro Phe He Thr 

165 170 175 

Ser Met Val Arg Ala Leu Asp Glu Ala Met Asn Lys Leu Gin Arg Ala 

180 185 190 

Asn Pro Asp Asp Pro Ala Tyr Asp Glu Asn Lys Arg Gin Phe Gin Glu 
195 200 205 

Asp He Lys Val Met Asn Asp Leu Val Asp Lys He He Ala Asp Arg 
210 215 220 

Lys Ala Ser Gly Glu Gin Ser Asp Asp Leu Leu Thr His Met Leu Asn 
225 230 235 240 



Gly Lys Asp Pro Glu Thr Gly Glu Pro Leu Asp Asp Glu Asn He Arg 

245 250 255 



Tyr Gin lie lie Thr Phe Leu He Ala Gly His Glu Thr Thr Ser Gly 

260 265 270 

Leu Leu Ser Phe Ala Leu Tyr Phe Leu Val Lys Asn Pro His Val Leu 
275 280 285 

Gin Lys Ala Ala Glu Glu Ala Ala Arg Val Leu Val Asp Pro Val Pro 
290 295 300 

Ser Tyr Lys Gin Val Lys Gin Leu Lys Tyr Val Gly Met Val Leu Asn 
305 310 315 320 

Glu Ala Leu Arg Leu Trp Pro Thr Ala Pro Ala Phe Ser Leu Tyr Ala 

325 330 335 

Lys Glu Asp Thr Val Leu Gly Gly Glu Tyr Pro Leu Glu Lys Gly Asp 

340 345 350 

Glu Leu Met Val Leu He Pro Gin Leu His Arg Asp Lys Thr He Trp 
355 360 365 

Gly Asp Asp Val Glu Glu Phe Arg Pro Glu Arg Phe Glu Asn Pro Ser 
370 375 380 

Ala He Pro Gin His Ala Phe Lys Pro Phe Gly Asn Gly Gin Arg Ala 
385 390 395 400 

Cys He Gly Gin Gin Phe Ala Leu His Glu Ala Thr Leu Val Leu Gly 

405 410 415 

Met Met Leu Lys His Phe Asp Phe Glu Asp His Thr Asn Tyr Glu Leu 

420 425 430 

Asp He Lys Glu Thr Leu Thr Leu Lys Pro Glu Gly Phe Val Val Lys 
435 440 445 

Ala Lys Ser Lys Lys He Pro Leu Gly Gly He Pro Ser Pro Ser Thr 
450 455 460 

Glu Gin Ser Ala Lys Lys Val Arg Lys Lys Ala Glu Asn Ala His Asn 
465 470 475 480 

Thr Pro Leu Leu Val Leu Tyr Gly Ser Asn Met Gly Thr Ala Glu Gly 

485 490 495 

Thr Ala Arg Asp Leu Ala Asp He Ala Met Ser Lys Gly Phe Ala Pro 

500 505 510 

Gin Val Ala Thr Leu Asp Ser His Ala Gly Asn Leu Pro Arg Glu Gly 
515 520 525 

Ala Val Leu He Val Thr Ala Ser Tyr Asn Gly His Pro Pro Asp Asn 
530 535 540 

Ala Lys Gin Phe Val Asp Trp Leu Asp Gin Ala Ser Ala Asp Glu Val 
545 550 555 560 

Lys Gly Val Arg Tyr Ser Val Phe Gly Cys Gly Asp Lys Asn Trp Ala 

565 570 575 

Thr Thr Tyr Gin Lys Val Pro Ala Phe He Asp Glu Thr Leu Ala Ala 

580 585 590 

Lys Gly Ala Glu Asn He Ala Asp Arg Gly Glu Ala Asp Ala Ser Asp 
595 600 605 

Asp Phe Glu Gly Thr Tyr Glu Glu Trp Arg Glu His Met Trp Ser Asp 
610 615 620 

Val Ala Ala Tyr Phe Asn Leu Asp He Glu Asn Ser Glu Asp Asn Lys 
625 630 635 640 



Ser Thr Leu Ser Leu Gin Phe Val Asp Ser Ala Ala Asp Met Pro Leu 

645 650 655 
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Ala Lys Met His Gly Ala Phe Ser Thr Asn Val Val Ala Ser Lys Glu 

660 665 670 

Leu Gin Gin Pro Gly Ser Ala Arg Ser Thr Arg His Leu Glu lie Glu 
675 680 685 

Leu Pro Lys Glu Ala Ser Tyr Gin Glu Gly Asp His Leu Gly Val lie 
690 695 700 

Pro Arg Asn Tyr Glu Gly He Val Asn Arg Val Thr Ala Arg Phe Gly 
705 710 715 720 

Leu Asp Ala Ser Gin Gin He Arg Leu Glu Ala Glu Glu Glu Lys Leu 

725 730 735 

Ala His Leu Pro Leu Ala Lys Thr Val Ser Val Glu Glu Leu Leu Gin 

740 745 750 



Tyr Val Glu Leu Gin Asp Pro Val Thr Arg Thr Gin Leu Arg Ala Met 
755 760 765 

Ala Ala Lys Thr Val Cys Pro Pro His Lys Val Glu Leu Glu Ala Leu 
770 775 780 

Leu Glu Lys Gin Ala Tyr Lys Glu Gin Val Leu Ala Lys Arg Leu Thr 
785 790 795 800 

Met Leu Glu Leu Leu Glu Lys Tyr Pro Ala Cys Glu Met Lys Phe Ser 

805 810 815 

Glu Phe He Ala Leu Leu Pro Ser He Arg Pro Arg Tyr Tyr Ser He 

820 825 830 

Ser Ser Ser Pro Arg Val Asp Glu Lys Gin Ala Ser He Thr Val Ser 
835 840 845 

Val Val Ser Gly Glu Ala Trp Ser Gly Tyr Gly Glu Tyr Lys Gly He 
850 855 860 

Ala Ser Asn Tyr Leu Ala Glu Leu Gin Glu Gly Asp Thr He Thr Cys 
865 870 875 880 

Phe He Ser Thr Pro Gin Ser Glu Phe Thr Leu Pro Lys Asp Pro Glu 

885 890 895 

Thr Pro Leu He Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe Arg 

900 905 910 

Gly Phe Val Gin Ala Arg Lys Gin Leu Lys Glu Gin Gly Gin Ser Leu 
915 920 925 

Gly Glu Ala His Leu Tyr Phe Gly Cys Arg Ser Pro His Glu Asp Tyr 
930 935 940 

Leu Tyr Gin Glu Glu Leu Glu Asn Ala Gin Ser Glu Gly He He Thr 
945 950 955 960 

Leu His Thr Ala Phe Ser Arg Met Pro Asn Gin Pro Lys Thr Tyr Val 

965 970 975 

Gin His Val Met Glu Gin Asp Gly Lys Lys Leu He Glu Leu Leu Asp 

980 985 990 

Gin Gly Ala His Phe Tyr He Cys Gly Asp Gly Ser Gin Met Ala Pro 
995 1000 1005 

Ala Val Glu Ala Thr Leu Met Lys Ser Tyr Ala Asp Val His Gin 
1010 1015 1020 

Val Ser Glu Ala Asp Ala Arg Leu Trp Leu Gin Gin Leu Glu Glu 
1025 1030 1035 



Lys Gly Arg Tyr Ala Lys Asp Val Trp Ala Gly 
1040 1045 



* 
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<210> 5 

<211> 3147 

<212> DNA 

<213> Artificial sequence 

<220> 

<223> Cytochrome P450BM-3 mutant 



<220> 

<221> CDS 

<222> (1) . . (3147) 

<400> 5 

aca att aaa gaa atg cct cag cca aaa acg ttt gga gag ctt aaa aat 4 8 

Thr lie Lys Glu Met Pro Gin Pro Lys Thr Phe Gly Glu Leu Lys Asn 

15 10 15 

tta ccg tta tta aac aca gat aaa ccg gtt caa get ttg atg aaa att 96 

Leu Pro Leu Leu Asn Thr Asp Lys Pro Val Gin Ala Leu Met Lys lie 

20 25 30 

gcg gat gaa tta gga gaa ate ttt aaa ttc gag gcg cct ggt cgt gta 144 

Ala Asp Glu Leu Gly Glu lie Phe Lys Phe Glu Ala Pro Gly Arg Val 
35 40 45 

acg cgc tac tta tea agt cag cgt eta att aaa gaa gca tgc gat gaa 192 

Thr Arg Tyr Leu Ser Ser Gin Arg Leu lie Lys Glu Ala Cys Asp Glu 

50 55 60 

tea cgc ttt gat aaa aac tta agt caa gcg ctt aaa ttt gta cgt gat 240 

Ser Arg Phe Asp Lys Asn Leu Ser Gin Ala Leu Lys Phe Val Arg Asp 

65 70 75 80 

ttt gca gga gac ggg tta get aca age tgg acg cat gaa aaa aat tgg 288 

Phe Ala Gly Asp Gly Leu Ala Thr Ser Trp Thr His Glu Lys Asn Trp 

85 90 95 

aaa aaa gcg cat aat ate tta ctt cca age ttc agt cag cag gca atg 336 

Lys Lys Ala His Asn lie Leu Leu Pro Ser Phe Ser Gin Gin Ala Met 

100 105 110 

aaa ggc tat cat gcg atg atg gtc gat ate gee gtg cag ctt gtt caa 3 84 

Lys Gly Tyr His Ala Met Met Val Asp lie Ala Val Gin Leu Val Gin 
115 120 125 

aag tgg gag cgt eta aat gca gat gag cat att gaa gta ccg gaa gac 4 32 

Lys Trp Glu Arg Leu Asn Ala Asp Glu His lie Glu Val Pro Glu Asp 

130 135 140 

atg aca cgt tta acg ctt gat aca att ggt ctt tgc ggc ttt aac tat 480 

Met Thr Arg Leu Thr Leu Asp Thr lie Gly Leu Cys Gly Phe Asn Tyr 

145 150 155 160 

cgc ttt aac age ttt tac cga gat cag cct cat cca ttt att aca agt 528 

Arg Phe Asn Ser Phe Tyr Arg Asp Gin Pro His Pro Phe lie Thr Ser 

165 170 175 

atg gtc cgt gca ctg gat gaa gca atg aac aag ctg cag cga gca aat 5 76 

Met Val Arg Ala Leu Asp Glu Ala Met Asn Lys Leu Gin Arg Ala Asn 

180 185 190 

cca gac gac cca get tat gat gaa aac aag cgc cag ttt caa gaa gat 624 

Pro Asp Asp Pro Ala Tyr Asp Glu Asn Lys Arg Gin Phe Gin Glu Asp 
195 200 205 

ate aag gtg atg aac gac eta gta gat aaa att att gca gat cgc aaa 672 

lie Lys Val Met Asn Asp Leu Val Asp Lys lie lie Ala Asp Arg Lys 

210 215 220 

gca age ggt gaa caa age gat gat tta tta acg cat atg eta aac gga 72 0 

Ala Ser Gly Glu Gin Ser Asp Asp Leu Leu Thr His Met Leu Asn Gly 

225 230 235 240 



aaa gat cca gaa acg ggt gag ccg ctt gat gac gag aac att cgc tat 



768 
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Lys Asp Pro Glu Thr Gly Glu Pro Leu Asp Asp Glu Asn lie Arg Tyr 

245 250 255 

caa att att aca ttc tta att gcg gga cac gaa aca aca agt ggt ctt 816 
Gin lie lie Thr Phe Leu lie Ala Gly His Glu Thr Thr Ser Gly Leu 

260 265 270 

tta tea ttt gcg ctg tat ttc tta gtg aaa aat cca cat gta tta caa 864 
Leu Ser Phe Ala Leu Tyr Phe Leu Val Lys Asn Pro His Val Leu Gin 
275 280 285 

aaa gca gca gaa gaa gca gca cga gtt eta gta gat cct gtt cca age 912 
Lys Ala Ala Glu Glu Ala Ala Arg Val Leu Val Asp Pro Val Pro Ser 
290 295 300 

tac aaa caa gtc aaa cag ctt aaa tat gtc ggc atg gtc tta aac gaa 960 
Tyr Lys Gin Val Lys Gin Leu Lys Tyr Val Gly Met Val Leu Asn Glu 
305 310 315 320 

gcg ctg cgc tta tgg cca act get cct gcg ttt tec eta tat gca aaa 1008 
Ala Leu Arg Leu Trp Pro Thr Ala Pro Ala Phe Ser Leu Tyr Ala Lys 

325 330 335 

gaa gat acg gtg ctt gga gga gaa tat cct tta gaa aaa ggc gac gaa 105 6 

Glu Asp Thr Val Leu Gly Gly Glu Tyr Pro Leu Glu Lys Gly Asp Glu 

340 345 350 

eta atg gtt ctg att cct cag ctt cac cgt gat aaa aca att tgg gga 1104 
Leu Met Val Leu lie Pro Gin Leu His Arg Asp Lys Thr lie Trp Gly 
355 360 365 

gac gat gtg gaa gag ttc cgt cca gag cgt ttt gaa aat cca agt gcg 1152 
Asp Asp Val Glu Glu Phe Arg Pro Glu Arg Phe Glu Asn Pro Ser Ala 
370 375 380 

att ccg cag cat gcg ttt aaa ccg ttt gga aac ggt cag cgt gcg tgt 12 00 

lie Pro Gin His Ala Phe Lys Pro Phe Gly Asn Gly Gin Arg Ala Cys 
385 390 395 400 

ate ggt cag cag ttc get ctt cat gaa gca acg ctg gta ctt ggt atg 1248 
lie Gly Gin Gin Phe Ala Leu His Glu Ala Thr Leu Val Leu Gly Met 

405 410 415 

atg eta aaa cac ttt gac ttt gaa gat cat aca aac tac gag ctg gat 1296 
Met Leu Lys His Phe Asp Phe Glu Asp His Thr Asn Tyr Glu Leu Asp 

420 425 430 

att aaa gaa act tta acg tta aaa cct gaa ggc ttt gtg gta aaa gca 1344 
lie Lys Glu Thr Leu Thr Leu Lys Pro Glu Gly Phe Val Val Lys Ala 
435 440 445 

aaa teg aaa aaa att ccg ctt ggc ggt att cct tea cct age act gaa 13 92 

Lys Ser Lys Lys lie Pro Leu Gly Gly lie Pro Ser Pro Ser Thr Glu 
450 455 460 

cag tct get aaa aaa gta cgc aaa aag gca gaa aac get cat aat acg 1440 
Gin Ser Ala Lys Lys Val Arg Lys Lys Ala Glu Asn Ala His Asn Thr 
465 470 475 480 

ccg ctg ctt gtg eta tac ggt tea aat atg gga aca get gaa gga acg 14 8 8 

Pro Leu Leu Val Leu Tyr Gly Ser Asn Met Gly Thr Ala Glu Gly Thr 

485 490 495 

gcg cgt gat tta gca gat att gca atg age aaa gga ttt gca ccg cag 153 6 

Ala Arg Asp Leu Ala Asp lie Ala Met Ser Lys Gly Phe Ala Pro Gin 

500 505 510 

gtc gca acg ctt gat tea cac gee gga aat ctt ccg cgc gaa gga get 1584 
Val Ala Thr Leu Asp Ser His Ala Gly Asn Leu Pro Arg Glu Gly Ala 
515 520 525 

gta tta att gta acg gcg tct tat aac ggt cat ccg cct gat aac gca 1632 
Val Leu lie Val Thr Ala Ser Tyr Asn Gly His Pro Pro Asp Asn Ala 
530 535 540 



aag caa ttt gtc gac tgg tta gac caa gcg tct get gat gaa gta aaa 



1680 
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Lys Gin Phe Val Asp Trp Leu Asp Gin Ala Ser Ala Asp Glu Val Lys 
545 550 555 560 

ggc gtt cgc tac tec gta ttt gga tgc ggc gat aaa aac tgg get act 172 8 

Gly Val Arg Tyr Ser Val Phe Gly Cys Gly Asp Lys Asn Trp Ala Thr 

565 570 575 

acg tat caa aaa gtg cct get ttt ate gat gaa acg ctt gee get aaa 1776 
Thr Tyr Gin Lys Val Pro Ala Phe lie Asp Glu Thr Leu Ala Ala Lys 

580 585 590 

ggg gca gaa aac ate get gac cgc ggt gaa gca gat gca age gac gac 1824 
Gly Ala Glu Asn lie Ala Asp Arg Gly Glu Ala Asp Ala Ser Asp Asp 
595 600 605 

ttt gaa ggc aca tat gaa gaa tgg cgt gaa cat atg tgg agt gac gta 18 72 

Phe Glu Gly Thr Tyr Glu Glu Trp Arg Glu His Met Trp Ser Asp Val 
610 615 620 

gca gee tac ttt aac etc gac att gaa aac agt gaa gat aat aaa tct 1920 
Ala Ala Tyr Phe Asn Leu Asp He Glu Asn Ser Glu Asp Asn Lys Ser 
625 630 635 640 

act ctt tea ctt caa ttt gtc gac age gee gcg gat atg ccg ctt gcg 1968 
Thr Leu Ser Leu Gin Phe Val Asp Ser Ala Ala Asp Met Pro Leu Ala 

645 650 655 

aaa atg cac ggt gcg ttt tea acg aac gtc gta gca age aaa gaa ctt 2 016 

Lys Met His Gly Ala Phe Ser Thr Asn Val Val Ala Ser Lys Glu Leu 

660 665 670 

caa cag cca ggc agt gca cga age acg cga cat ctt gaa att gaa ctt 2 064 

Gin Gin Pro Gly Ser Ala Arg Ser Thr Arg His Leu Glu He Glu Leu 
675 680 685 

cca aaa gaa get tct tat caa gaa gga gat cat tta ggt gtt att cct 2112 
Pro Lys Glu Ala Ser Tyr Gin Glu Gly Asp His Leu Gly Val He Pro 
690 695 700 

cgc aac tat gaa gga ata gta aac cgt gta aca gca agg ttc ggc eta 2160 
Arg Asn Tyr Glu Gly He Val Asn Arg Val Thr Ala Arg Phe Gly Leu 
705 710 715 720 

gat gca tea cag caa ate cgt ctg gaa gca gaa gaa gaa aaa tta get 220 8 

Asp Ala Ser Gin Gin He Arg. Leu Glu Ala Glu Glu Glu Lys Leu Ala 

725 730 735 

cat ttg cca etc get aaa aca gta tec gta gaa gag ctt ctg caa tac 2256 
His Leu Pro Leu Ala Lys Thr Val Ser Val Glu Glu Leu Leu Gin Tyr 

740 745 750 

gtg gag ctt caa gat cct gtt acg cgc acg cag ctt cgc gca atg get 2304 
Val Glu Leu Gin Asp Pro Val Thr Arg Thr Gin Leu Arg Ala Met Ala 
755 760 765 

get aaa acg gtc tgc ccg ccg cat aaa gta gag ctt gaa gee ttg ctt 2352 
Ala Lys Thr Val Cys Pro Pro His Lys Val Glu Leu Glu Ala Leu Leu 
770 775 780 

gaa aag caa gee tac aaa gaa caa gtg ctg gca aaa cgt tta aca atg 24 00 

Glu Lys Gin Ala Tyr Lys Glu Gin Val Leu Ala Lys Arg Leu Thr Met 
785 790 795 800 

ctt gaa ctg ctt gaa aaa tac ccg gcg tgt gaa atg aaa ttc age gaa 244 8 

Leu Glu Leu Leu Glu Lys Tyr Pro Ala Cys Glu Met Lys Phe Ser Glu 

805 810 815 

ttt ate gee ctt ctg cca age ata cgc ccg cgc tat tac teg att tct 2496 
Phe He Ala Leu Leu Pro Ser He Arg Pro Arg Tyr Tyr Ser He Ser 

820 825 830 

tea tea cct cgt gtc gat gaa aaa caa gca age ate acg gtc age gtt 2544 
Ser Ser Pro Arg Val Asp Glu Lys Gin Ala Ser He Thr Val Ser Val 
835 840 845 



gtc tea gga gaa gcg tgg age gga tat gga gaa tat aaa gga att gcg 



2592 
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Val Ser Gly Glu Ala Trp Ser Gly Tyr Gly Glu Tyr Lys Gly lie Ala 
850 855 860 

teg aac tat ctt gec gag ctg caa gaa gga gat acg att acg tgc ttt 2640 
Ser Asn Tyr Leu Ala Glu Leu Gin Glu Gly Asp Thr lie Thr Cys Phe 
865 870 875 880 

att tec aca ccg cag tea gaa ttt acg ctg cca aaa gac cct gaa acg 2688 
lie Ser Thr Pro Gin Ser Glu Phe Thr Leu Pro Lys Asp Pro Glu Thr 

885 890 895 

ccg ctt ate atg gtc gga ccg gga aca ggc gtc gcg ccg ttt aga ggc 273 6 

Pro Leu lie Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe Arg Gly 

900 905 910 

ttt gtg cag gcg cgc aaa cag eta aaa gaa caa gga cag tea ctt gga 2784 
Phe Val Gin Ala Arg Lys Gin Leu Lys Glu Gin Gly Gin Ser Leu Gly 
915 920 925 

gaa gca cat tta tac ttc ggc tgc cgt tea cct cat gaa gac tat ctg 2832 
Glu Ala His Leu Tyr Phe Gly Cys Arg Ser Pro His Glu Asp Tyr Leu 
930 935 940 

tat caa gaa gag ctt gaa aac gec caa age gaa ggc ate att acg ctt 28 80 

Tyr Gin Glu Glu Leu Glu Asn Ala Gin Ser Glu Gly lie He Thr Leu 
945 950 955 960 

cat ace get ttt tct cgc atg cca aat cag ccg aaa aca tac gtt cag 2928 
His Thr Ala Phe Ser Arg Met Pro Asn Gin Pro Lys Thr Tyr Val Gin 

965 970 975 

cac gta atg gaa caa gac ggc aag aaa ttg att gaa ctt ctt gat caa 2 976 

His Val Met Glu Gin Asp Gly Lys Lys Leu He Glu Leu Leu Asp Gin 

980 985 990 

gga gcg cac ttc tat att tgc gga gac gga age caa atg gca cct gee 3 024 
Gly Ala His Phe Tyr He Cys Gly Asp Gly Ser Gin Met Ala Pro Ala 
995 1000 1005 

gtt gaa gca acg ctt atg aaa age tat get gac gtt cac caa gtg 3069 
Val Glu Ala Thr Leu Met Lys Ser Tyr Ala Asp Val His Gin Val 
1010 1015 1020 

agt gaa gca gac get cgc tta tgg ctg cag cag eta gaa gaa aaa 3114 
Ser Glu Ala Asp Ala Arg Leu Trp Leu Gin Gin Leu Glu Glu Lys 
1025 1030 1035 

ggc cga tac gca aaa gac gtg tgg get ggg taa 314 7 

Gly Arg Tyr Ala Lys Asp Val Trp Ala Gly 
1040 1045 



<210> 6 
<211> 1048 
<212> PRT 

<213> Artificial sequence 
<220> 

<223> Cytochrome P4 50BM-3 mutant 
<400> 6 

Thr He Lys Glu Met Pro Gin Pro Lys Thr Phe Gly Glu Leu Lys Asn 
15 10 15 

Leu Pro Leu Leu Asn Thr Asp Lys Pro Val Gin Ala Leu Met Lys He 

20 25 30 

Ala Asp Glu Leu Gly Glu He Phe Lys Phe Glu Ala Pro Gly Arg Val 
35 40 45 

Thr Arg Tyr Leu Ser Ser Gin Arg Leu He Lys Glu Ala Cys Asp Glu 
50 55 60 



Ser Arg Phe Asp Lys Asn Leu Ser Gin Ala Leu Lys Phe Val Arg Asp 
65 70 75 80 



ft) 
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Phe Ala Gly Asp 



Lys Lys Ala His 

100 

Lys Gly Tyr His 
115 

Lys Trp Glu Arg 
130 

Met Thr Arg Leu 
145 

Arg Phe Asn Ser 



Met Val Arg Ala 

180 

Pro Asp Asp Pro 
195 

lie Lys Val Met 
210 

Ala Ser Gly Glu 
225 

Lys Asp Pro Glu 



Gin lie lie Thr 

260 

Leu Ser Phe Ala 
275 

Lys Ala Ala Glu 
290 

Tyr Lys Gin Val 
305 

Ala Leu Arg Leu 



Glu Asp Thr Val 

340 

Leu Met val Leu 
355 

Asp Asp Val Glu 
370 

He Pro Gin His 
385 

He Gly Gin Gin 



Met Leu Lys His 

420 

He Lys Glu Thr 
435 

Lys Ser Lys Lys 
450 

Gin Ser Ala Lys 
465 



Gly Leu Ala Thr 
85 

Asn He Leu Leu 



Ala Met Met Val 

120 

Leu Asn Ala Asp 

135 

Thr Leu Asp Thr 
150 

Phe Tyr Arg Asp 
165 

Leu Asp Glu Ala 



Ala Tyr Asp Glu 

200 

Asn Asp Leu Val 
215 

Gin Ser Asp Asp 
230 

Thr Gly Glu Pro 
245 

Phe Leu He Ala 



Leu Tyr Phe Leu 

280 

Glu Ala Ala Arg 
295 

Lys Gin Leu Lys 
310 

Trp Pro Thr Ala 
325 

Leu Gly Gly Glu 



He Pro Gin Leu 

360 

Glu Phe Arg Pro 
375 

Ala Phe Lys Pro 
390 

Phe Ala Leu His 
405 

Phe Asp Phe Glu 



Leu Thr Leu Lys 

440 

He Pro Leu Gly 
455 

Lys Val Arg Lys 
470 



Ser Trp Thr His 
90 

Pro Ser Phe Ser 
105 

Asp He Ala Val 



Glu His He Glu 

140 

He Gly Leu Cys 
155 

Gin Pro His Pro 
170 

Met Asn Lys Leu 
185 

Asn Lys Arg Gin 



Asp Lys He He 

220 

Leu Leu Thr His 
235 

Leu Asp Asp Glu 
250 

Gly His Glu Thr 
265 

Val Lys Asn Pro 



Val Leu Val Asp 

300 

Tyr Val Gly Met 
315 

Pro Ala Phe Ser 
330 

Tyr Pro Leu Glu 
345 

His Arg Asp Lys 



Glu Arg Phe Glu 

380 

Phe Gly Asn Gly 
395 

Glu Ala Thr Leu 
410 

Asp His Thr Asn 
425 

Pro Glu Gly Phe 



Gly He Pro Ser 

460 

Lys Ala Glu Asn 
475 



Glu Lys Asn Trp 
95 

Gin Gin Ala Met 
110 

Gin Leu Val Gin 
125 

Val Pro Glu Asp 



Gly Phe Asn Tyr 

160 

Phe He Thr Ser 
175 

Gin Arg Ala Asn 
190 

Phe Gin Glu Asp 
205 

Ala Asp Arg Lys 



Met Leu Asn Gly 

240 

Asn He Arg Tyr 
255 

Thr Ser Gly Leu 
270 

His Val Leu Gin 
285 

Pro Val Pro Ser 



Val Leu Asn Glu 

320 

Leu Tyr Ala Lys 
335 

Lys Gly Asp Glu 
350 

Thr He Trp Gly 
365 

Asn Pro Ser Ala 



Gin Arg Ala Cys 

400 

Val Leu Gly Met 
415 

Tyr Glu Leu Asp 
430 

Val Val Lys Ala 
445 

Pro Ser Thr Glu 



Ala His Asn Thr 

480 



* 



16 



Pro Leu Leu Val Leu Tyr Gly Ser Asn Met Gly Thr Ala Glu Gly Thr 

485 490 495 

Ala Arg Asp Leu Ala Asp lie Ala Met Ser Lys Gly Phe Ala Pro Gin 

500 505 510 

Val Ala Thr Leu Asp Ser His Ala Gly Asn Leu Pro Arg Glu Gly Ala 
515 520 525 

Val Leu lie Val Thr Ala Ser Tyr Asn Gly His Pro Pro Asp Asn Ala 
530 535 540 

Lys Gin Phe Val Asp Trp Leu Asp Gin Ala Ser Ala Asp Glu Val Lys 
545 550 555 560 

Gly Val Arg Tyr Ser Val Phe Gly Cys Gly Asp Lys Asn Trp Ala Thr 

565 570 575 

Thr Tyr Gin Lys Val Pro Ala Phe lie Asp Glu Thr Leu Ala Ala Lys 

580 585 590 

Gly Ala Glu Asn lie Ala Asp Arg Gly Glu Ala Asp Ala Ser Asp Asp 
595 600 605 

Phe Glu Gly Thr Tyr Glu Glu Trp Arg Glu His Met Trp Ser Asp Val 
610 615 620 

Ala Ala Tyr Phe Asn Leu Asp lie Glu Asn Ser Glu Asp Asn Lys Ser 
625 630 635 640 

Thr Leu Ser Leu Gin Phe Val Asp Ser Ala Ala Asp Met Pro Leu Ala 

645 650 655 

Lys Met His Gly Ala Phe Ser Thr Asn Val Val Ala Ser Lys Glu Leu 

660 665 670 

Gin Gin Pro Gly Ser Ala Arg Ser Thr Arg His Leu Glu lie Glu Leu 
675 680 685 

Pro Lys Glu Ala Ser Tyr Gin Glu Gly Asp His Leu Gly Val lie Pro 
690 695 700 

Arg Asn Tyr Glu Gly lie Val Asn Arg Val Thr Ala Arg Phe Gly Leu 
705 710 715 720 

Asp Ala Ser Gin Gin lie Arg Leu Glu Ala Glu Glu Glu Lys Leu Ala 

725 730 735 

His Leu Pro Leu Ala Lys Thr Val Ser Val Glu Glu Leu Leu Gin Tyr 

740 745 750 



Val Glu Leu Gin 
755 

Ala Lys Thr Val 
770 

Glu Lys Gin Ala 
785 

Leu Glu Leu Leu 



Phe lie Ala Leu 

820 

Ser Ser Pro Arg 
835 

Val Ser Gly Glu 
850 

Ser Asn Tyr Leu 
865 

lie Ser Thr Pro 



Asp Pro Val Thr 

760 

Cys Pro Pro His 
775 

Tyr Lys Glu Gin 
790 

Glu Lys Tyr Pro 
805 

Leu Pro Ser lie 



Val Asp Glu Lys 

840 

Ala Trp Ser Gly 
855 

Ala Glu Leu Gin 
870 

Gin Ser Glu Phe 



Arg Thr Gin Leu 



Lys Val Glu Leu 

780 

Val Leu Ala Lys 
795 

Ala Cys Glu Met 
810 

Arg Pro Arg Tyr 
825 

Gin Ala Ser lie 



Tyr Gly Glu Tyr 

860 

Glu Gly Asp Thr 
875 

* 

Thr Leu Pro Lys 



Arg Ala Met Ala 
765 

Glu Ala Leu Leu 



Arg Leu Thr Met 

800 

Lys Phe Ser Glu 
815 

Tyr Ser lie Ser 
83 0 

Thr Val Ser Val 
845 

Lys Gly lie Ala 



lie Thr Cys Phe 

880 

Asp Pro Glu Thr 



885 
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890 



895 



Pro Leu lie Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe Arg Gly 

900 905 910 

Phe Val Gin Ala Arg Lys Gin Leu Lys Glu Gin Gly Gin Ser Leu Gly 
915 920 925 



Glu Ala His Leu Tyr Phe Gly Cys Arg Ser Pro His Glu Asp Tyr Leu 
930 935 940 

Tyr Gin Glu Glu Leu Glu Asn Ala Gin Ser Glu Gly lie lie Thr Leu 
945 950 955 960 

His Thr Ala Phe Ser Arg Met Pro Asn Gin Pro Lys Thr Tyr Val Gin 

965 970 975 

His Val Met Glu Gin Asp Gly Lys Lys Leu lie Glu Leu Leu Asp Gin 

980 985 990 

Gly Ala His Phe Tyr lie Cys Gly Asp Gly Ser Gin Met Ala Pro Ala 
995 1000 1005 

Val Glu Ala Thr Leu Met Lys Ser Tyr Ala Asp Val His Gin Val 
1010 1015 1020 

Ser Glu Ala Asp Ala Arg Leu Trp Leu Gin Gin Leu Glu Glu Lys 
1025 1030 1035 

Gly Arg Tyr Ala Lys Asp Val Trp Ala Gly 
1040 1045 



<210> 7 

<211> 3147 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Cytochrome P4 50BM-3 mutant 



<220> 

<221> CDS 

<222> (1) . . (3147) 

<400> 7 

aca att aaa gaa atg cct cag cca aaa acg ttt gga gag ctt aaa aat 

Thr lie Lys Glu Met Pro Gin Pro Lys Thr Phe Gly Glu Leu Lys Asn 
15 10 15 

tta ccg tta tta aac aca gat aaa ccg gtt caa get ttg atg aaa att 
Leu Pro Leu Leu Asn Thr Asp Lys Pro Val Gin Ala Leu Met Lys lie 

20 25 30 

gcg gat gaa tta gga gaa ate ttt aaa ttc gag gcg cct ggt cgt gta 
Ala Asp Glu Leu Gly Glu lie Phe Lys Phe Glu Ala Pro Gly Arg Val 
35 40 45 

acg cgc tac tta tea agt cag cgt eta att aaa gaa gca tgc gat gaa 
Thr Arg Tyr Leu Ser Ser Gin Arg Leu lie Lys Glu Ala Cys Asp Glu 
50 55 60 

tea cgc ttt gat aaa aac tta agt caa ggg ctt aaa ttt gta cgt gat 
Ser Arg Phe Asp Lys Asn Leu Ser Gin Gly Leu Lys Phe Val Arg Asp 
65 70 75 80 

ttt gca gga gac ggg tta gtt aca age tgg acg cat gaa aaa aat tgg 
Phe Ala Gly Asp Gly Leu Val Thr Ser Trp Thr His Glu Lys Asn Trp 

85 90 95 



aaa aaa gcg cat aat ate tta ctt cca age ttc agt cag cag gca atg 
Lys Lys Ala His Asn lie Leu Leu Pro Ser Phe Ser Gin Gin Ala Met 

100 105 110 
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aaa ggc tat cat gcg atg atg gtc gat ate gec gtg cag ctt gtt caa 3 84 

Lys Gly Tyr His Ala Met Met Val Asp lie Ala Val Gin Leu Val Gin 
115 120 125 

aag tgg gag cgt eta aat gca gat gag cat att gaa gta ccg gaa gac 432 
Lys Trp Glu Arg Leu Asn Ala Asp Glu His lie Glu Val Pro Glu Asp 
130 135 140 

atg aca cgt tta acg ctt gat aca att ggt ctt tgc ggc ttt aac tat 480 
Met Thr Arg Leu Thr Leu Asp Thr lie Gly Leu Cys Gly Phe Asn Tyr 
145 150 155 160 

cgc ttt aac age ttt tac cga gat cag cct cat cca ttt att aca agt 528 
Arg Phe Asn Ser Phe Tyr Arg Asp Gin Pro His Pro Phe lie Thr Ser 

165 170 175 

atg gtc cgt gca ctg gat gaa gca atg aac aag cag cag cga gca aat 576 
Met Val Arg Ala Leu Asp Glu Ala Met Asn Lys Gin Gin Arg Ala Asn 

180 185 190 

cca gac gac cca get tat gat gaa aac aag cgc cag ttt caa gaa gat 624 
Pro Asp Asp Pro Ala Tyr Asp Glu Asn Lys Arg Gin Phe Gin Glu Asp 
195 200 205 

ate aag gtg atg aac gac eta gta gat aaa att att gca gat cgc aaa 672 
lie Lys Val Met Asn Asp Leu Val Asp Lys lie lie Ala Asp Arg Lys 
210 215 220 

gca age ggt gaa caa age gat gat tta tta acg cat atg eta aac gga 720 
Ala Ser Gly Glu Gin Ser Asp Asp Leu Leu Thr His Met Leu Asn Gly 
225 230 235 240 

aaa gat cca gaa acg ggt gag ccg ctt gat gac gag aac att cgc tat 768 
Lys Asp Pro Glu Thr Gly Glu Pro Leu Asp Asp Glu Asn lie Arg Tyr 

245 250 255 

caa att att aca ttc tta att gcg gga cac gaa aca aca agt ggt ctt 816 
Gin He He Thr Phe Leu He Ala Gly His Glu Thr Thr Ser Gly Leu 

260 265 270 

tta tea ttt gcg ctg tat ttc tta gtg aaa aat cca cat gta tta caa 864 
Leu Ser Phe Ala Leu Tyr Phe Leu Val Lys Asn Pro His Val Leu Gin 
275 280 285 

aaa gca gca gaa gaa gca gca cga gtt eta gta gat cct gtt cca age 912 
Lys Ala Ala Glu Glu Ala Ala Arg Val Leu Val Asp Pro Val Pro Ser 
290 295 300 

tac aaa caa gtc aaa cag ctt aaa tat gtc ggc atg gtc tta aac gaa 960 
Tyr Lys Gin Val Lys Gin Leu Lys Tyr Val Gly Met Val Leu Asn Glu 
305 310 315 320 

gcg ctg cgc tta tgg cca act get cct gcg ttt tec eta tat gca aaa 1008 
Ala Leu Arg Leu Trp Pro Thr Ala Pro Ala Phe Ser Leu Tyr Ala Lys 

325 330 335 

gaa gat acg gtg ctt gga gga gaa tat cct tta gaa aaa ggc gac gaa 105 6 

Glu Asp Thr Val Leu Gly Gly Glu Tyr Pro Leu Glu Lys Gly Asp Glu 

340 345 350 

eta atg gtt ctg att cct cag ctt cac cgt gat aaa aca att tgg gga 1104 
Leu Met Val Leu He Pro Gin Leu His Arg Asp Lys Thr He Trp Gly 
355 360 365 

gac gat gtg gaa gag ttc cgt cca gag cgt ttt gaa aat cca agt gcg 1152 
Asp Asp Val Glu Glu Phe Arg Pro Glu Arg Phe Glu Asn Pro Ser Ala 
370 375 380 



att ccg cag cat gcg ttt aaa ccg ttt gga aac ggt cag cgt gcg tgt 
He Pro Gin His Ala Phe Lys Pro Phe Gly Asn Gly Gin Arg Ala Cys 
385 390 395 400 



1200 



ate ggt cag cag ttc get ctt cat gaa gca acg ctg gta ctt ggt atg 
He Gly Gin Gin Phe Ala Leu His Glu Ala Thr Leu Val Leu Gly Met 

405 410 415 



1248 



« 

19 



atg eta aaa cac ttt gac ttt gaa gat cat aca aac tac gag ctg gat 12 96 

Met Leu Lys His Phe Asp Phe Glu Asp His Thr Asn Tyr Glu Leu Asp 

420 425 430 

att aaa gaa act tta acg tta aaa cct gaa ggc ttt gtg gta aaa gca 1344 
lie Lys Glu Thr Leu Thr Leu Lys Pro Glu Gly Phe Val Val Lys Ala 
435 440 445 

aaa teg aaa aaa att ccg ctt ggc ggt att cct tea cct age act gaa 13 92 

Lys Ser Lys Lys lie Pro Leu Gly Gly lie Pro Ser Pro Ser Thr Glu 
450 455 460 

cag tct get aaa aaa gta cgc aaa aag gca gaa aac get cat aat acg 1440 
Gin Ser Ala Lys Lys Val Arg Lys Lys Ala Glu Asn Ala His Asn Thr 
465 470 475 480 

ccg ctg ctt gtg eta tac ggt tea aat atg gga aca get gaa gga acg 14 8 8 

Pro Leu Leu Val Leu Tyr Gly Ser Asn Met Gly Thr Ala Glu Gly Thr 

485 490 495 

gcg cgt gat tta gca gat att gca atg age aaa gga ttt gca ccg cag 153 6 

Ala Arg Asp Leu Ala Asp lie Ala Met Ser Lys Gly Phe Ala Pro Gin 

500 505 510 

gtc gca acg ctt gat tea cac gee gga aat ctt ccg cgc gaa gga get ' 15 84 
Val Ala Thr Leu Asp Ser His Ala Gly Asn Leu Pro Arg Glu Gly Ala 
515 520 525 

gta tta att gta acg gcg tct tat aac ggt cat ccg cct gat aac gca 1632 
Val Leu lie Val Thr Ala Ser Tyr Asn Gly His Pro Pro Asp Asn Ala 
530 535 540 

aag caa ttt gtc gac tgg tta gac caa gcg tct get gat gaa gta aaa 1680 
Lys Gin Phe Val Asp Trp Leu Asp Gin Ala Ser Ala Asp Glu Val Lys 
545 550 555 560 

ggc gtt cgc tac tec gta ttt gga tgc ggc gat aaa aac tgg get act 172 8 

Gly Val Arg Tyr Ser Val Phe Gly Cys Gly Asp Lys Asn Trp Ala Thr 

565 570 575 

acg tat caa aaa gtg cct get ttt ate gat gaa acg ctt gee get aaa 1776 
Thr Tyr Gin Lys Val Pro Ala Phe lie Asp Glu Thr Leu Ala Ala Lys 

580 585 590 

ggg gca gaa aac ate get gac cgc ggt gaa gca gat gca age gac gac 1824 
Gly Ala Glu Asn lie Ala Asp Arg Gly Glu Ala Asp Ala Ser Asp Asp 
595 600 605 

ttt gaa ggc aca tat gaa gaa tgg cgt gaa cat atg tgg agt gac gta 1872 
Phe Glu Gly Thr Tyr Glu Glu Trp Arg Glu His Met Trp Ser Asp Val 
610 615 620 

gca gee tac ttt aac etc gac att gaa aac agt gaa gat aat aaa tct 192 0 

Ala Ala Tyr Phe Asn Leu Asp lie Glu Asn Ser Glu Asp Asn Lys Ser 
625 630 635 640 

act ctt tea ctt caa ttt gtc gac age gee gcg gat atg ccg ctt gcg 1968 
Thr Leu Ser Leu Gin Phe Val Asp Ser Ala Ala Asp Met Pro Leu Ala 

645 650 655 

aaa atg cac ggt gcg ttt tea acg aac gtc gta gca age aaa gaa ctt 2016 
Lys Met His Gly Ala Phe Ser Thr Asn Val Val Ala Ser Lys Glu Leu 

660 665 670 

caa cag cca ggc agt gca cga age acg cga cat ctt gaa att gaa ctt 2064 
Gin Gin Pro Gly Ser Ala Arg Ser Thr Arg His Leu Glu lie Glu Leu 
675 680 685 

cca aaa gaa get tct tat caa gaa gga gat cat tta ggt gtt att cct 2112 
Pro Lys Glu Ala Ser Tyr Gin Glu Gly Asp His Leu Gly Val lie Pro 
690 695 700 



cgc aac tat gaa gga ata gta aac cgt gta aca gca agg ttc ggc eta 
Arg Asn Tyr Glu Gly lie Val Asn Arg Val Thr Ala Arg Phe Gly Leu 
705 710 715 720 



2160 
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gat gca tea cag caa ate cgt ctg gaa gca gaa gaa gaa aaa tta get 22 08 

Asp Ala Ser Gin Gin lie Arg Leu Glu Ala Glu Glu Glu Lys Leu Ala 

725 730 735 

cat ttg cca etc get aaa aca gta tec gta gaa gag ctt ctg caa tac 2256 
His Leu Pro Leu Ala Lys Thr Val Ser Val Glu Glu Leu Leu Gin Tyr 

740 745 750 

gtg gag ctt caa gat cct gtt acg cgc acg cag ctt cgc gca atg get 23 04 

Val Glu Leu Gin Asp Pro Val Thr Arg Thr Gin Leu Arg Ala Met Ala 
755 760 765 

get aaa acg gtc tgc ccg ccg cat aaa gta gag ctt gaa gec ttg ctt 2352 
Ala Lys Thr Val Cys Pro Pro His Lys Val Glu Leu Glu Ala Leu Leu 
770 775 780 

gaa aag caa gec tac aaa gaa caa gtg ctg gca aaa cgt tta aca atg 2400 
Glu Lys Gin Ala Tyr Lys Glu Gin Val Leu Ala Lys Arg Leu Thr Met 
785 790 795 800 

ctt gaa ctg ctt gaa aaa tac ccg gcg tgt gaa atg aaa ttc age gaa 244 8 

Leu Glu Leu Leu Glu Lys Tyr Pro Ala Cys Glu Met Lys Phe Ser Glu 

805 810 815 

ttt ate gec ctt ctg cca age ata cgc ccg cgc tat tac teg att tct 2496 
Phe lie Ala Leu Leu Pro Ser lie Arg Pro Arg Tyr Tyr Ser lie Ser 

820 825 830 

tea tea cct cgt gtc gat gaa aaa caa gca age ate acg gtc age gtt 2544 
Ser Ser Pro Arg Val Asp Glu Lys Gin Ala Ser lie Thr Val Ser Val 
835 840 845 

gtc tea gga gaa gcg tgg age gga tat gga gaa tat aaa gga att gcg 25 92 

Val Ser Gly Glu Ala Trp Ser Gly Tyr Gly Glu Tyr Lys Gly lie Ala 
850 855 860 

teg aac tat ctt gec gag ctg caa gaa gga gat acg att acg tgc ttt 264 0 

Ser Asn Tyr Leu Ala Glu Leu Gin Glu Gly Asp Thr lie Thr Cys Phe 
865 870 875 880 

att tec aca ccg cag tea gaa ttt acg ctg cca aaa gac cct gaa acg 2688 
lie Ser Thr Pro Gin Ser Glu Phe Thr Leu Pro Lys Asp Pro Glu Thr 

885 890 895 

ccg ctt ate atg gtc gga ccg gga aca ggc gtc gcg ccg ttt aga ggc 2 73 6 

Pro Leu lie Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe Arg Gly 

900 905 910 

ttt gtg cag gcg cgc aaa cag eta aaa gaa caa gga cag tea ctt gga 2784 
Phe Val Gin Ala Arg Lys Gin Leu Lys Glu Gin Gly Gin Ser Leu Gly 
915 920 925 

gaa gca cat tta tac ttc ggc tgc cgt tea cct cat gaa gac tat ctg 2 83 2 

Glu Ala His Leu Tyr Phe Gly Cys Arg Ser Pro His Glu Asp Tyr Leu 
930 935 940 

tat caa gaa gag ctt gaa aac gec caa age gaa ggc ate att acg ctt 2880 
Tyr Gin Glu Glu Leu Glu Asn Ala Gin Ser Glu Gly lie lie Thr Leu 
945 950 955 960 

cat acc get ttt tct cgc atg cca aat cag ccg aaa aca tac gtt cag 2928 
His Thr Ala Phe Ser Arg Met Pro Asn Gin Pro Lys Thr Tyr Val Gin 

965 970 975 

cac gta atg gaa caa gac ggc aag aaa ttg att gaa ctt ctt gat caa 2976 
His Val Met Glu Gin Asp Gly Lys Lys Leu lie Glu Leu Leu Asp Gin 

980 985 990 

gga gcg cac ttc tat att tgc gga gac gga age caa atg gca cct gec 3 024 
Gly Ala His Phe Tyr lie Cys Gly Asp Gly Ser Gin Met Ala Pro Ala 
995 1000 1005 



gtt gaa 
Val Glu 



1010 



gca acg ctt atg aaa age tat get gac gtt cac caa gtg 
Ala Thr Leu Met Lys Ser Tyr Ala Asp Val His Gin Val 

1015 1020 



3069 



21 

agt gaa gca gac get cgc tta tgg ctg cag cag eta gaa gaa aaa 3114 
Ser Glu Ala Asp Ala Arg Leu Trp Leu Gin Gin Leu Glu Glu Lys 
1025 1030 1035 

ggc cga tac gca aaa gac gtg tgg get ggg taa 314 7 

Gly Arg Tyr Ala Lys Asp Val Trp Ala Gly 
1040 1045 



<210> 8 

<211> 1048 

<212> PRT 

<213> Artificial sequence 
<220> 

<223> Cytochrome P4 50BM-3 mutant 



<400> 8 

Thr He Lys Glu Met Pro Gin Pro Lys Thr Phe Gly Glu Leu Lys Asn 
15 10 15 

Leu Pro Leu Leu Asn Thr Asp Lys Pro Val Gin Ala Leu Met Lys He 

20 25 30 

Ala Asp Glu Leu Gly Glu He Phe Lys Phe Glu Ala Pro Gly Arg Val 
35 40 45 

Thr Arg Tyr Leu Ser Ser Gin Arg Leu He Lys Glu Ala Cys Asp Glu 
50 55 60 

Ser Arg Phe Asp Lys Asn Leu Ser Gin Gly Leu Lys Phe Val Arg Asp 
65 70 75 80 

Phe Ala Gly Asp Gly Leu Val Thr Ser Trp Thr His Glu Lys Asn Trp 

85 90 95 

Lys Lys Ala His Asn He Leu Leu Pro Ser Phe Ser Gin Gin Ala Met 

100 105 110 

Lys Gly Tyr His Ala Met Met Val Asp He Ala Val Gin Leu Val Gin 
115 120 125 

Lys Trp Glu Arg Leu Asn Ala Asp Glu His He Glu Val Pro Glu Asp 
130 135 140 

Met Thr Arg Leu Thr Leu Asp Thr He Gly Leu Cys Gly Phe Asn Tyr 
145 150 155 160 

Arg Phe Asn Ser Phe Tyr Arg Asp Gin Pro His Pro Phe He Thr Ser 

165 170 175 

Met Val Arg Ala Leu Asp Glu Ala Met Asn Lys Gin Gin Arg Ala Asn 

180 185 190 

Pro Asp Asp Pro Ala Tyr Asp Glu Asn Lys Arg Gin Phe Gin Glu Asp 
195 200 205 

He Lys Val Met Asn Asp Leu Val Asp Lys He He Ala Asp Arg Lys 
210 215 220 

Ala Ser Gly Glu Gin Ser Asp Asp Leu Leu Thr His Met Leu Asn Gly 
225 230 235 240 

Lys Asp Pro Glu Thr Gly Glu Pro Leu Asp Asp Glu Asn He Arg Tyr 

245 250 255 



Gin He He Thr Phe Leu He Ala Gly His Glu Thr Thr Ser Gly Leu 

260 265 270 

Leu Ser Phe Ala Leu Tyr Phe Leu Val Lys Asn Pro His Val Leu Gin 
275 280 285 



Lys Ala Ala Glu Glu Ala Ala Arg Val Leu Val Asp Pro Val Pro Ser 
290 295 300 



Tyr Lys Gin Val 
305 

Ala Leu Arg Leu 



Glu Asp Thr Val 

340 

Leu Met Val Leu 
355 

Asp Asp Val Glu 
370 

lie Pro Gin His 
385 

lie Gly Gin Gin 



Met Leu Lys His 

420 

lie Lys Glu Thr 
435 

Lys Ser Lys Lys 
450 

Gin Ser Ala Lys 
465 

Pro Leu Leu Val 



Ala Arg Asp Leu 

500 

Val Ala Thr Leu 
515 

Val Leu lie Val 
530 

Lys Gin Phe Val 
545 

Gly Val Arg Tyr 



Thr Tyr Gin Lys 

580 

Gly Ala Glu Asn 
595 

Phe Glu Gly Thr 
610 

Ala Ala Tyr Phe 
625 

Thr Leu Ser Leu 



Lys Met His Gly 

660 

Gin Gin Pro Gly 
675 

Pro Lys Glu Ala 
690 



Lys Gin Leu Lys 
310 

Trp Pro Thr Ala 
325 

Leu Gly Gly Glu 



lie Pro Gin Leu 

360 

Glu Phe Arg Pro 
375 

Ala Phe Lys Pro 
390 

Phe Ala Leu His 
405 

Phe Asp Phe Glu 



Leu Thr Leu Lys 

440 

lie Pro Leu Gly 
455 

Lys Val Arg Lys 
470 

Leu Tyr Gly Ser 
485 

Ala Asp lie Ala 



Asp Ser His Ala 

520 

Thr Ala Ser Tyr 
535 

Asp Trp Leu Asp 
550 

Ser Val Phe Gly 
565 

Val Pro Ala Phe 



lie Ala Asp Arg 

600 

Tyr Glu Glu Trp 
615 

Asn Leu Asp lie 
630 

Gin Phe Val Asp 
645 

Ala Phe Ser Thr 



Ser Ala Arg Ser 

680 

Ser Tyr Gin Glu 
695 



22 



Tyr Val Gly Met 
315 

Pro Ala Phe Ser 
330 

Tyr Pro Leu Glu 
345 

His Arg Asp Lys 



Glu Arg Phe Glu 

380 

Phe Gly Asn Gly 
395 

Glu Ala Thr Leu 
410 

Asp His Thr Asn 
425 

Pro Glu Gly Phe 



Gly lie Pro Ser 

460 

Lys Ala Glu Asn 
475 

Asn Met Gly Thr 
490 

Met Ser Lys Gly 
505 

Gly Asn Leu Pro 



Asn Gly His Pro 

540 

Gin Ala Ser Ala 
555 

Cys Gly Asp Lys 
570 

lie Asp Glu Thr 
585 

Gly Glu Ala Asp 



Arg Glu His Met 

620 

Glu Asn Ser Glu 
635 

Ser Ala Ala Asp 
650 

Asn Val Val Ala 
665 

Thr Arg His Leu 



Gly Asp His Leu 

700 



Val Leu Asn Glu 

320 

Leu Tyr Ala Lys 
335 

Lys Gly Asp Glu 
350 

Thr He Trp Gly 
365 

Asn Pro Ser Ala 



Gin Arg Ala Cys 

400 

Val Leu Gly Met 
415 

Tyr Glu Leu Asp 
430 

Val Val Lys Ala 
445 

Pro Ser Thr Glu 



Ala His Asn Thr 

480 

Ala Glu Gly Thr 
495 

Phe Ala Pro Gin 
510 

Arg Glu Gly Ala 
525 

Pro Asp Asn Ala 



Asp Glu Val Lys 

560 

Asn Trp Ala Thr 
575 

Leu Ala Ala Lys 
590 

Ala Ser Asp Asp 
605 

Trp Ser Asp Val 



Asp Asn Lys Ser 

640 

Met Pro Leu Ala 
655 

Ser Lys Glu Leu 
670 

Glu He Glu Leu 
685 

Gly Val He Pro 
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Arg Asn Tyr Glu Gly lie Val Asn Arg Val Thr Ala Arg Phe Gly Leu 
705 710 715 720 

Asp Ala Ser Gin Gin lie Arg Leu Glu Ala Glu Glu Glu Lys Leu Ala 

725 730 735 

His Leu Pro Leu Ala Lys Thr Val Ser Val Glu Glu Leu Leu Gin Tyr 

740 745 750 

Val Glu Leu Gin Asp Pro Val Thr Arg Thr Gin Leu Arg Ala Met Ala 
755 760 765 

Ala Lys Thr Val Cys Pro Pro His Lys Val Glu Leu Glu Ala Leu Leu 
770 775 780 

Glu Lys Gin Ala Tyr Lys Glu Gin Val Leu Ala Lys Arg Leu Thr Met 
785 790 795 800 

Leu Glu Leu Leu Glu Lys Tyr Pro Ala Cys Glu Met Lys Phe Ser Glu 

805 810 815 

Phe lie Ala Leu Leu Pro Ser lie Arg Pro Arg Tyr Tyr Ser lie Ser 

820 825 830 

Ser Ser Pro Arg Val Asp Glu Lys Gin Ala Ser lie Thr Val Ser Val 
835 840 845 

Val Ser Gly Glu Ala Trp Ser Gly Tyr Gly Glu Tyr Lys Gly He Ala 
850 855 860 

Ser Asn Tyr Leu Ala Glu Leu Gin Glu Gly Asp Thr He Thr Cys Phe 
865 870 875 880 

He Ser Thr Pro Gin Ser Glu Phe Thr Leu Pro Lys Asp Pro Glu Thr 

885 890 895 

Pro Leu He Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe Arg Gly 

900 905 910 

Phe Val Gin Ala Arg Lys Gin Leu Lys Glu Gin Gly Gin Ser Leu Gly 
915 920 925 

Glu Ala His Leu Tyr Phe Gly Cys Arg Ser Pro His Glu Asp Tyr Leu 
930 935 940 

Tyr Gin Glu Glu Leu Glu Asn Ala Gin Ser Glu Gly He He Thr Leu 
945 950 955 960 

His Thr Ala Phe Ser Arg Met Pro Asn Gin Pro Lys Thr Tyr Val Gin 

965 970 975 

His Val Met Glu Gin Asp Gly Lys Lys Leu He Glu Leu Leu Asp Gin 

980 985 990 

Gly Ala His Phe Tyr He Cys Gly Asp Gly Ser Gin Met Ala Pro Ala 
995 1000 1005 

Val Glu Ala Thr Leu Met Lys Ser Tyr Ala Asp Val His Gin Val 
1010 1015 1020 

Ser Glu Ala Asp Ala Arg Leu Trp Leu Gin Gin Leu Glu Glu Lys 
1025 1030 1035 

Gly Arg Tyr Ala Lys Asp Val Trp Ala Gly 
1040 1045 



<210> 9 

<211> 1032 

<212> DNA 

<213> Nocardia corallina 



<220> 
<221> 
<222> 



CDS 

(1) . . (1032) 
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<400> 9 

atg acg aca gag gcg acg gtg gcc cga ccg gtg gag etc gaa ggt cac 4 8 

Met Thr Thr Glu Ala Thr Val Ala Arg Pro Val Glu Leu Glu Gly His 
15 10 15 

egg aca ttc acc tgg ttc acg ccc gcc agg cga aag ccg acg gag tac 96 
Arg Thr Phe Thr Trp Phe Thr Pro Ala Arg Arg Lys Pro Thr Glu Tyr 

20 25 30 

gag etc tac acc gtg ggt caa cag tec act ccg gac gag tgg ctg cat 144 
Glu Leu Tyr Thr Val Gly Gin Gin Ser Thr Pro Asp Glu Trp Leu His 
35 40 45 

gtg gac tgg ccg ctg cgc ttc gac gac ggc cgc gcc ccg tgg gag gag 192 
Val Asp Trp Pro Leu Arg Phe Asp Asp Gly Arg Ala Pro Trp Glu Glu 
50 55 60 

gag teg agt gcg gta egg acc teg gag tgg teg get tac cgc gac cca 24 0 

Glu Ser Ser Ala Val Arg Thr Ser Glu Trp Ser Ala Tyr Arg Asp Pro 
65 70 75 80 

cac caa ctg tgg cag cgt ccc tac gtc age acg tgc aac cag gac cag 28 8 

His Gin Leu Trp Gin Arg Pro Tyr Val Ser Thr Cys Asn Gin Asp Gin 

85 90 95 

cag gcc etc gcg egg ctg gtc ccc gtc ctg acc atg ggg teg gcg gcg 3 36 

Gin Ala Leu Ala Arg Leu Val Pro Val Leu Thr Met Gly Ser Ala Ala 

100 105 110 

ate acg ccc ate tgg teg cag aag ate etc gcc agg tec tac gcc gcc 384 
lie Thr Pro lie Trp Ser Gin Lys lie Leu Ala Arg Ser Tyr Ala Ala 
115 120 125 

tgg cca ttc gtc gag tac ggg etc ttc ctg age ctg gcc tac gcc gtg 432 
Trp Pro Phe Val Glu Tyr Gly Leu Phe Leu Ser Leu Ala Tyr Ala Val 
130 135 140 

cgc cag gcc atg tec gac acg gtc cag ttc age gtg gtg ttc cag gcc 48 0 

Arg Gin Ala Met Ser Asp Thr Val Gin Phe Ser Val Val Phe Gin Ala 
145 150 155 160 

gtg gac cgc atg egg ctg etc cag gac ate gtc cac cac ctg gac cac 52 8 

Val Asp Arg Met Arg Leu Leu Gin Asp lie Val His His Leu Asp His 

165 170 175 

ctg cag gag teg ccg gaa ttc age gac gcc ggg gcc cgc gag gcc tgg 576 
Leu Gin Glu Ser Pro Glu Phe Ser Asp Ala Gly Ala Arg Glu Ala Trp 

180 185 190 

atg tec gac tec acc ctg gtc ccg ate egg gaa gtg ate gag cgc ate 624 
Met Ser Asp Ser Thr Leu Val Pro lie Arg Glu Val lie Glu Arg lie 
195 200 205 

gcc gcc age cag gac tgg gtg gag ate ctg gtc gcc ggc acg etc gtc 672 
Ala Ala Ser Gin Asp Trp Val Glu lie Leu Val Ala Gly Thr Leu Val 
210 215 220 

ttc gag cct ctg gtc ggc cac ctg gcg aag gcc gag ttg ttc age cgc 720 
Phe Glu Pro Leu Val Gly His Leu Ala Lys Ala Glu Leu Phe Ser Arg 
225 230 235 240 

cgt gcg cca atg ttc ggg gac ggg acc acg ccg gcg gtg ctg gcg teg 768 
Arg Ala Pro Met Phe Gly Asp Gly Thr Thr Pro Ala Val Leu Ala Ser 

245 250 255 

gcc ctg ctg gac age ggc agg cac etc gaa teg gtc cag gcg etc gtc 816 
Ala Leu Leu Asp Ser Gly Arg His Leu Glu Ser Val Gin Ala Leu Val 

260 265 270 

cgc etc gtc tgc caa gac ccc gtc cat ggc gac cag aac cag gcg act 864 
Arg Leu Val Cys Gin Asp Pro Val His Gly Asp Gin Asn Gin Ala Thr 
275 280 285 



gtg egg egg tgg ate gag gaa tgg cag ccg egg tgc aag gcg gcg gcc 
Val Arg Arg Trp lie Glu Glu Trp Gin Pro Arg Cys Lys Ala Ala Ala 



912 
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290 295 300 

cag tec ttc ctg ccg acg ttc tec gac tgc ggc ate gac gee aag gaa 960 
Gin Ser Phe Leu Pro Thr Phe Ser Asp Cys Gly lie Asp Ala Lys Glu 
305 310 315 320 

age gee aac gcg ctg tec egg gcg ctg gcg aac cag egg gee gee gtc 1008 
Ser Ala Asn Ala Leu Ser Arg Ala Leu Ala Asn Gin Arg Ala Ala Val 

325 330 335 

gag ggc gee ggc ate acg gca tga 103 2 

Glu Gly Ala Gly lie Thr Ala 

340 



<210> 10 
<211> 343 
<212> PRT 

<213> Nocardia corallina 
<400> 10 

Met Thr Thr Glu Ala Thr Val Ala Arg Pro Val Glu Leu Glu Gly His 
15 10 15 

Arg Thr Phe Thr Trp Phe Thr Pro Ala Arg Arg Lys Pro Thr Glu Tyr 

20 25 30 

Glu Leu Tyr Thr Val Gly Gin Gin Ser Thr Pro Asp Glu Trp Leu His 
35 40 45 

Val Asp Trp Pro Leu Arg Phe Asp Asp Gly Arg Ala Pro Trp Glu Glu 
50 55 60 

Glu Ser Ser Ala Val Arg Thr Ser Glu Trp Ser Ala Tyr Arg Asp Pro 
65 70 75 80 

His Gin Leu Trp Gin Arg Pro Tyr Val Ser Thr Cys Asn Gin Asp Gin 

85 90 95 

Gin Ala Leu Ala Arg Leu Val Pro Val Leu Thr Met Gly Ser Ala Ala 

100 105 110 

lie Thr Pro lie Trp Ser Gin Lys lie Leu Ala Arg Ser Tyr Ala Ala 
115 120 125 

Trp Pro Phe Val Glu Tyr Gly Leu Phe Leu Ser Leu Ala Tyr Ala Val 
130 135 140 

Arg Gin Ala Met Ser Asp Thr Val Gin Phe Ser Val Val Phe Gin Ala 
145 150 155 160 

Val Asp Arg Met Arg Leu Leu Gin Asp He Val His His Leu Asp His 

165 170 175 

Leu Gin Glu Ser Pro Glu Phe Ser Asp Ala Gly Ala Arg Glu Ala Trp 

180 185 190 

Met Ser Asp Ser Thr Leu Val Pro He Arg Glu Val He Glu Arg lie 
195 200 205 

Ala Ala Ser Gin Asp Trp Val Glu He Leu Val Ala Gly Thr Leu Val 
210 215 220 

Phe Glu Pro Leu Val Gly His Leu Ala Lys Ala Glu Leu Phe Ser Arg 
225 230 235 240 

Arg Ala Pro Met Phe Gly Asp Gly Thr Thr Pro Ala Val Leu Ala Ser 

245 250 255 

Ala Leu Leu Asp Ser Gly Arg His Leu Glu Ser Val Gin Ala Leu Val 

260 265 270 



Arg Leu Val Cys Gin Asp Pro Val His Gly Asp Gin Asn Gin Ala Thr 
275 280 285 
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Val Arg Arg Trp lie Glu Glu Trp Gin Pro Arg Cys Lys Ala Ala Ala 
290 295 300 

Gin Ser Phe Leu Pro Thr Phe Ser Asp Cys Gly lie Asp Ala Lys Glu 
305 310 315 320 

Ser Ala Asn Ala Leu Ser Arg Ala Leu Ala Asn Gin Arg Ala Ala Val 

325 330 335 

Glu Gly Ala Gly lie Thr Ala 

340 



<210> 11 

<211> 1506 

<212> DNA 

<213> Nocardia coral lina 



<220> 

<221> CDS 

<222> (1) . . (1506) 

<400> 11 

atg gca teg aac ccc acc cag etc cac gag aag teg aag tec tac gac 

Met Ala Ser Asn Pro Thr Gin Leu His Glu Lys Ser Lys Ser Tyr Asp 
15 10 15 

tgg 9 a c ttc acc tcc g tc sr a sr c gg c< 3 c ccc aa 9 ttc 9 a 9 ac 9 aa sr tac 

Trp Asp Phe Thr Ser Val Glu Arg Arg Pro Lys Phe Glu Thr Lys Tyr 

20 25 30 

aag atg ccc aag aag ggc aag gac ccg ttc cgc gtc ctg ate cgt gac 
Lys Met Pro Lys Lys Gly Lys Asp Pro Phe Arg Val Leu lie Arg Asp 
35 40 45 

tac atg aag atg gaa gcg gag aag gac gac egg acc cat ggc ttc etc 
Tyr Met Lys Met Glu Ala Glu Lys Asp Asp Arg Thr His Gly Phe Leu 
50 55 60 

gac ggc gee gtg egg acg cgt gag gee acc agg att gag ccg egg ttc 
Asp Gly Ala Val Arg Thr Arg Glu Ala Thr Arg lie Glu Pro Arg Phe 
65 70 75 80 

get gag gee atg aag ate atg gtg ccg cag ctg acc aac gee gag tac 
Ala Glu Ala Met Lys lie Met Val Pro Gin Leu Thr Asn Ala Glu Tyr 

85 90 95 

cag gcg gtg gcg ggc tgc gga atg ate ate teg gee gtc gag aac cag 
Gin Ala Val Ala Gly Cys Gly Met lie lie Ser Ala Val Glu Asn Gin 

100 105 110 

gag etc cgt cag ggc tac gee get cag atg etc gat gag gtg egg cac 
Glu Leu Arg Gin Gly Tyr Ala Ala Gin Met Leu Asp Glu Val Arg His 
115 120 125 

gcg cag etc gag atg acg eta cgc aac tac tac gcg aag cac tgg tgc 
Ala Gin Leu Glu Met Thr Leu Arg Asn Tyr Tyr Ala Lys His Trp Cys 
130 135 140 

gat ccc tcc ggc ttc gac ate ggt cag cgc ggc ctg tac cag cac ccc 
Asp Pro Ser Gly Phe Asp lie Gly Gin Arg Gly Leu Tyr Gin His Pro 
145 150 155 160 

gcg ggg ctg gtg tcc ate ggc gag ttc cag cac ttc aat act ggt gac 
Ala Gly Leu Val Ser lie Gly Glu Phe Gin His Phe Asn Thr Gly Asp 

165 170 175 

ccg ctt gac gtc ate ate gat etc aac ate gtg gee gag acg gcg ttc 
Pro Leu Asp Val He He Asp Leu Asn He Val Ala Glu Thr Ala Phe 

180 185 190 



acg aac ate ctg ctg gtg gee act cca cag gtc gee gtg gec aac ggg 
Thr Asn He Leu Leu Val Ala Thr Pro Gin Val Ala Val Ala Asn Gly 
195 200 205 
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gac aac gcg atg gcc age gtg ttc etc teg ate cag teg gac gag gee 672 
Asp Asn Ala Met Ala Ser Val Phe Leu Ser lie Gin Ser Asp Glu Ala 
210 215 220 

agg cac atg gcc aac ggg tac ggc teg gtc atg gcg ctg ctg gag aac 720 
Arg His Met Ala Asn Gly Tyr Gly Ser Val Met Ala Leu Leu Glu Asn 
225 230 235 240 

gag gac aac etc ccg ctg etc aac cag tct etc gat egg cac ttc tgg 768 
Glu Asp Asn Leu Pro Leu Leu Asn Gin Ser Leu Asp Arg His Phe Trp 

245 250 255 

cgt gcc cac aag gcc ttg gac aac gcg gtc gga tgg tgt teg gag tat 816 
Arg Ala His Lys Ala Leu Asp Asn Ala Val Gly Trp Cys Ser Glu Tyr 

260 265 270 

ggc gcc cgc aag egg cca tgg age tac aag gcc cag tgg gag gaa tgg 864 
Gly Ala Arg Lys Arg Pro Trp Ser Tyr Lys Ala Gin Trp Glu Glu Trp 
275 280 285 

gtc gtc gac gac ttc gtg ggc ggc tac ate gac cga etc age gag ttc 912 
Val Val Asp Asp Phe Val Gly Gly Tyr lie Asp Arg Leu Ser Glu Phe 
290 295 300 

ggc gtt cag get ccg gcc tgc ctt ggc gcg gcc gcc gac gag gtc aag 960 
Gly Val Gin Ala Pro Ala Cys Leu Gly Ala Ala Ala Asp Glu Val Lys 
305 310 315 320 

tgg teg cac cac acg etc ggt cag gtg ctg teg gcg gtg tgg ccg ctg 1008 
Trp Ser His His Thr Leu Gly Gin Val Leu Ser Ala Val Trp Pro Leu 

325 330 335 

aac ttc tgg cgc teg gac gcc atg gga ccg gcg gac ttc gag tgg ttc 1056 
Asn Phe Trp Arg Ser Asp Ala Met Gly Pro Ala Asp Phe Glu Trp Phe 

340 345 350 

gag aac cac tac ccg ggc tgg age gcg gcc tac cag ggt tac tgg gag 1104 
Glu Asn His Tyr Pro Gly Trp Ser Ala Ala Tyr Gin Gly Tyr Trp Glu 
355 360 365 

ggc tac aag gcg etc gcc gac cca gca ggc gga cgc ate atg etc cag 1152 
Gly Tyr Lys Ala Leu Ala Asp Pro Ala Gly Gly Arg lie Met Leu Gin 
370 375 380 

gag ctg ccg ggt ctg ccg ccg atg tgt cag gtg tgc cag gtg ccg tgc 1200 
Glu Leu Pro Gly Leu Pro Pro Met Cys Gin Val Cys Gin Val Pro Cys 
385 390 395 400 

gtg atg ccg egg ctg gat atg aac gcc gcg egg ate ate gag ttc gag 1248 
Val Met Pro Arg Leu Asp Met Asn Ala Ala Arg lie lie Glu Phe Glu 

405 410 415 

ggg cag aaa ate gcg ctg tgc age gaa ccc tgc cag egg ate ttc ace 12 96 

Gly Gin Lys lie Ala Leu Cys Ser Glu Pro Cys Gin Arg lie Phe Thr 

420 425 430 

aac tgg ccg gag gcg tac cgc cac cgc aag caa tac tgg gcc cgc tac 13 44 

Asn Trp Pro Glu Ala Tyr Arg His Arg Lys Gin Tyr Trp Ala Arg Tyr 
435 440 445 

cac gga tgg gac ctg gcg gac gtc ate gtt gat etc ggc tac ate cgc 13 92 

His Gly Trp Asp Leu Ala Asp Val lie Val Asp Leu Gly Tyr lie Arg 
450 455 460 

ccg gac ggc aag acc etc ate ggc cag ccg ctg etc gag atg gag egg 1440 
Pro Asp Gly Lys Thr Leu lie Gly Gin Pro Leu Leu Glu Met Glu Arg 
465 470 475 480 

ctg tgg acc ate gac gac ate egg gcc ctt cag tac gaa gtc aag gac 14 8 8 

Leu Trp Thr lie Asp Asp He Arg Ala Leu Gin Tyr Glu Val Lys Asp 

485 490 495 

ccg ttg cag gag gcg tga 1506 
Pro Leu Gin Glu Ala 

500 
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<210> 12 

<211> 501 

<212> PRT 
<213> Nocardia corallina 

<400> 12 

Met Ala Ser Asn Pro Thr Gin Leu His Glu Lys Ser Lys Ser Tyr Asp 
1 5 10 15 

Trp Asp Phe Thr Ser Val Glu Arg Arg Pro Lys Phe Glu Thr Lys Tyr 

20 25 30 

Lys Met Pro Lys Lys Gly Lys Asp Pro Phe Arg Val Leu lie Arg Asp 
35 40 45 

Tyr Met Lys Met Glu Ala Glu Lys Asp Asp Arg Thr His Gly Phe Leu 
50 55 60 

Asp Gly Ala Val Arg Thr Arg Glu Ala Thr Arg lie Glu Pro Arg Phe 
65 70 75 80 

Ala Glu Ala Met Lys lie Met Val Pro Gin Leu Thr Asn Ala Glu Tyr 

85 90 95 

Gin Ala Val Ala Gly Cys Gly Met lie lie Ser Ala Val Glu Asn Gin 

100 105 110 

Glu Leu Arg Gin Gly Tyr Ala Ala Gin Met Leu Asp Glu Val Arg His 
115 120 125 

Ala Gin Leu Glu Met Thr Leu Arg Asn Tyr Tyr Ala Lys His Trp Cys 
130 135 140 

Asp Pro Ser Gly Phe Asp lie Gly Gin Arg Gly Leu Tyr Gin His Pro 
145 150 155 160 

Ala Gly Leu Val Ser lie Gly Glu Phe Gin His Phe Asn Thr Gly Asp 

165 170 175 

Pro Leu Asp Val lie lie Asp Leu Asn lie Val Ala Glu Thr Ala Phe 

180 185 190 

Thr Asn lie Leu Leu Val Ala Thr Pro Gin Val Ala Val Ala Asn Gly 
195 200 205 

Asp Asn Ala Met Ala Ser Val Phe Leu Ser lie Gin Ser Asp Glu Ala 
210 215 220 

Arg His Met Ala Asn Gly Tyr Gly Ser Val Met Ala Leu Leu Glu Asn 
225 230 235 240 

Glu Asp Asn Leu Pro Leu Leu Asn Gin Ser Leu Asp Arg His Phe Trp 

245 250 255 

Arg Ala His Lys Ala Leu Asp Asn Ala Val Gly Trp Cys Ser Glu Tyr 

260 265 270 

Gly Ala Arg Lys Arg Pro Trp Ser Tyr Lys Ala Gin Trp Glu Glu Trp 
275 280 285 

Val Val Asp Asp Phe Val Gly Gly Tyr lie Asp Arg Leu Ser Glu Phe 
290 295 300 

Gly Val Gin Ala Pro Ala Cys Leu Gly Ala Ala Ala Asp Glu Val Lys 
305 310 315 320 

Trp Ser His His Thr Leu Gly Gin Val Leu Ser Ala Val Trp Pro Leu 

325 330 335 

Asn Phe Trp Arg Ser Asp Ala Met Gly Pro Ala Asp Phe Glu Trp Phe 

340 345 350 

Glu Asn/ His Tyr Pro Gly Trp Ser Ala Ala Tyr Gin Gly Tyr Trp Glu 
355 360 365 
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Gly Tyr Lys Ala 
370 

Glu Leu Pro Gly 
385 

Val Met Pro Arg 



Gly Gin Lys lie 

420 

Asn Trp Pro Glu 
435 

His Gly Trp Asp 
450 

Pro Asp Gly Lys 
465 

Leu Trp Thr lie 



Pro Leu Gin Glu 

500 



Leu Ala Asp Pro 
375 

Leu Pro Pro Met 
390 

Leu Asp Met Asn 
405 

Ala Leu Cys Ser 



Ala Tyr Arg His 

440 

Leu Ala Asp Val 
455 

Thr Leu lie Gly 
470 

Asp Asp lie Arg 
485 

Ala 



Ala Gly Gly Arg 

38 

Cys Gin Val Cys 
395 

Ala Ala Arg lie 
410 

Glu Pro Cys Gin 
425 

Arg Lys Gin Tyr 



lie Val Asp Leu 

460 

Gin Pro Leu Leu 
475 

Ala Leu Gin Tyr 
490 



lie Met Leu Gin 



Gin Val Pro Cys 

400 

lie Glu Phe Glu 
415 

Arg He Phe Thr 
430 

Trp Ala Arg Tyr 
445 

Gly Tyr He Arg 



Glu Met Glu Arg 

480 

Glu Val Lys Asp 
495 



<210> 13 

<211> 1494 

<212> DNA 

<213> Xanthobacta sp. 



<220> 

<221> CDS 

<222> (1) . . (1494) 

<400> 13 

atg gcg etc ttg aat egg gac gat tgg tac gac ate gcg cgc gat gtc 

Met Ala Leu Leu Asn Arg Asp Asp Trp Tyr Asp He Ala Arg Asp Val 
1 5 10 15 

gac tgg acg etc age tat gtc gac cgc gcg gtc gee ttt ccc gag gag 
Asp Trp Thr Leu Ser Tyr Val Asp Arg Ala Val Ala Phe Pro Glu Glu 

20 25 30 

tgg aaa ggc gaa aag gac att tgc ggc acg gee tgg gac gat tgg gac 
Trp Lys Gly Glu Lys Asp lie Cys Gly Thr Ala Trp Asp Asp Trp Asp 
35 40 45 

gag ccc ttc egg gtc tec ttc cgc gaa tat gtg atg gtc cag cgc gac 
Glu Pro Phe Arg Val Ser Phe Arg Glu Tyr Val Met Val Gin Arg Asp 
50 55 60 

aag gaa gcg age gtc ggc gee ate cgc gag gee atg gtc cgc gee aag 
Lys Glu Ala Ser Val Gly Ala He Arg Glu Ala Met Val Arg Ala Lys 
65 70 75 80 

gec tat gag aag etc gac gac ggc cac aag gee ace teg cac ctg cac 
Ala Tyr Glu Lys Leu Asp Asp Gly His Lys Ala Thr Ser His Leu His 

85 90 95 

atg ggc ace ate acc atg gtg gag cac atg gcg gtc ace atg cag age 
Met Gly Thr He Thr Met Val Glu His Met Ala Val Thr Met Gin Ser 

100 105 110 

egg ttc gtg cgc ttc gcg ccg tec gee cgc tgg cgc age etc ggg gcg 
Arg Phe Val Arg Phe Ala Pro Ser Ala Arg Trp Arg Ser Leu Gly Ala 
115 120 125 



ttc ggc atg ctg gac gag acc cgc cac acc cag etc gac ctg cgc ttc 
Phe Gly Met Leu Asp Glu Thr Arg His Thr Gin Leu Asp Leu Arg Phe 
130 135 140 



30 

age cac gat ctg etc aac gat tec ccg age ttc gac tgg age cag egg 480 
Ser His Asp Leu Leu Asn Asp Ser Pro Ser Phe Asp Trp Ser Gin Arg 
145 150 155 160 

gcg ttc cac ace gac gaa tgg gcg gtt etc gec acc cgc aac ctg ttc 52 8 

Ala Phe His Thr Asp Glu Trp Ala Val Leu Ala Thr Arg Asn Leu Phe 

165 170 175 

gac gac ate atg etc aac gee gac tgc gtg gag gcg gcg etc gee acc 576 
Asp Asp lie Met Leu Asn Ala Asp Cys Val Glu Ala Ala Leu Ala Thr 

180 185 190 

age ctg acg ctg gag cac ggc ttc acc aac ate cag ttc gtg gcg etc 624 
Ser Leu Thr Leu Glu His Gly Phe Thr Asn lie Gin Phe Val Ala Leu 
195 200 205 

gee tec gac gee atg gaa gee ggc gac gtg aac ttc tec aac etc ttg 672 
Ala Ser Asp Ala Met Glu Ala Gly Asp Val Asn Phe Ser Asn Leu Leu 
210 215 220 

teg age ate cag acc gac gag gcg egg cac gee cag ttg ggc ttt ccc 72 0 

Ser Ser lie Gin Thr Asp Glu Ala Arg His Ala Gin Leu Gly Phe Pro 
225 230 235 240 

acc etc gac gtg atg atg aag cac gac ccc aag cgc gee cag cag ate 768 
Thr Leu Asp Val Met Met Lys His Asp Pro Lys Arg Ala Gin Gin lie 

245 250 255 

ctg gac gtc gee ttc tgg cgc tec tac cgc ate ttc cag gcg gtg acc 816 
Leu Asp Val Ala Phe Trp Arg Ser Tyr Arg lie Phe Gin Ala Val Thr 

260 265 270 

ggc gtc tec atg gac tac tac acg ccg gtc gee aag egg cag atg teg 864 
Gly Val Ser Met Asp Tyr Tyr Thr Pro Val Ala Lys Arg Gin Met Ser 
275 280 285 

ttc aag gag ttc atg ctg gag tgg ate gtc aag cat cat gag cgc ate 912 
Phe Lys Glu Phe Met Leu Glu Trp lie Val Lys His His Glu Arg lie 
290 295 300 

ctg cgc gac tac ggc etc cag aag ccc tgg tac tgg gac acg ttc gag 960 
Leu Arg Asp Tyr Gly Leu Gin Lys Pro Trp Tyr Trp Asp Thr Phe Glu 
305 310 315 320 

aag acc etc gat cac ggc cac cac gcg ctg cac ate ggc acc tgg ttc 1008 
Lys Thr Leu Asp His Gly His His Ala Leu His lie Gly Thr Trp Phe 

325 330 335 

tgg cgc ccg acc ctg ttc tgg gat ccc aat ggc ggc gtc teg cgc gag 1056 
Trp Arg Pro Thr Leu Phe Trp Asp Pro Asn Gly Gly Val Ser Arg Glu 

340 345 350 

gag egg cgc tgg ctg aac cag aag tat ccg aac tgg gaa gag age tgg 1104 
Glu Arg Arg Trp Leu Asn Gin Lys Tyr Pro Asn Trp Glu Glu Ser Trp 
355 360 365 

ggc gtc ctg tgg gac gag ate ate tec aac ate aat gcg ggc aac att 1152 
Gly Val Leu Trp Asp Glu lie lie Ser Asn lie Asn Ala Gly Asn lie 
370 375 380 

gaa aag acc ttg ccc gag acg ctg ccg atg ctg tgc aac gtc acc aac 1200 
Glu Lys Thr Leu Pro Glu Thr Leu Pro Met Leu Cys Asn Val Thr Asn 
385 390 395 400 

ctg ccc ate ggc teg cac tgg gac cgc ttc cac ctg aag ccc gag cag 1248 
Leu Pro lie Gly Ser His Trp Asp Arg Phe His Leu Lys Pro Glu Gin 

405 410 415 

etc gtc tac aag ggg egg etc tac acc ttc gac age gac gtc tec aag 12 96 

Leu Val Tyr Lys Gly Arg Leu Tyr Thr Phe Asp Ser Asp Val Ser Lys 

420 425 430 

tgg ate ttc gag etc gat ccg gag cgc tat gee ggc cac acc aac gtg 1344 
Trp lie Phe Glu Leu Asp Pro Glu Arg Tyr Ala Gly His Thr Asn Val 
435 440 445 



t 
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gtc gac cgc ttc ate ggc ggg cag ate cag ccc atg acc ate gag ggc 13 92 

Val Asp Arg Phe lie Gly Gly Gin lie Gin Pro Met Thr lie Glu 'Gly 
450 455 460 

gtg etc aac tgg atg ggc ctg acg ccc gaa gtc atg ggc aag gac gtg 144 0 

Val Leu Asn Trp Met Gly Leu Thr Pro Glu Val Met Gly Lys Asp Val 
465 470 475 480 

ttc aac tac cgt tgg gec ggc gat tac gec gag aac egg ate gee gee 14 88 

Phe Asn Tyr Arg Trp Ala Gly Asp Tyr Ala Glu Asn Arg lie Ala Ala 

485 490 495 

gag taa 14 94 

Glu 



<210> 14 

<211> 497 

<212> PRT 

<213> Xanthobacta sp. 

<400> 14 

Met Ala Leu Leu Asn Arg Asp Asp Trp Tyr Asp lie Ala Arg Asp Val 
1 5 10 15 

Asp Trp Thr Leu Ser Tyr Val Asp Arg Ala Val Ala Phe Pro Glu Glu 

20 25 30 

Trp Lys Gly Glu Lys Asp He Cys Gly Thr Ala Trp Asp Asp Trp Asp 
35 40 45 

Glu Pro Phe Arg Val Ser Phe Arg Glu Tyr Val Met Val Gin Arg Asp 
50 55 60 

Lys Glu Ala Ser Val Gly Ala He Arg Glu Ala Met Val Arg Ala Lys 
65 70 75 80 

Ala Tyr Glu Lys Leu Asp Asp Gly His Lys Ala Thr Ser His Leu His 

85 90 95 

Met Gly Thr He Thr Met Val Glu His Met Ala Val' Thr Met Gin Ser 

100 105 110 

Arg Phe Val Arg Phe Ala Pro Ser Ala Arg Trp Arg Ser Leu Gly Ala 
115 120 125 

Phe Gly Met Leu Asp Glu Thr Arg His Thr Gin Leu Asp Leu Arg Phe 
130 135 140 

Ser His Asp Leu Leu Asn Asp Ser Pro Ser Phe Asp Trp Ser Gin Arg 
145 150 155 160 

Ala Phe His Thr Asp Glu Trp Ala Val Leu Ala Thr Arg Asn Leu Phe 

165 170 175 

Asp Asp He Met Leu Asn Ala Asp Cys Val Glu Ala Ala Leu Ala Thr 

180 185 190 

Ser Leu Thr Leu Glu His Gly Phe Thr Asn He Gin Phe Val Ala Leu 
195 200 205 

Ala Ser Asp Ala Met Glu Ala Gly Asp Val Asn Phe Ser Asn Leu Leu 210 
215 220 

Ser Ser He Gin Thr Asp Glu Ala Arg His Ala Gin Leu Gly Phe Pro 

225 230 235 240 

Thr Leu Asp Val Met Met Lys His Asp Pro Lys Arg Ala Gin Gin He 

245 250 255 

Leu Asp Val Ala Phe Trp Arg Ser Tyr Arg He Phe Gin Ala Val Thr 

260 265 270 



Gly Val Ser Met Asp Tyr Tyr Thr Pro Val Ala Lys Arg Gin Met Ser 
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275 280 285 

Phe Lys Glu Phe Met Leu Glu Trp lie Val Lys His His Glu Arg lie 
290 295 300 

Leu Arg Asp Tyr Gly Leu Gin Lys Pro Trp Tyr Trp Asp Thr Phe Glu 
305 310 315 320 

Lys Thr Leu Asp His Gly His His Ala Leu His lie Gly Thr Trp Phe 

325 330 335 

Trp Arg Pro Thr Leu Phe Trp Asp Pro Asn Gly Gly Val Ser Arg Glu 

340 345 350 

Glu Arg Arg Trp Leu Asn Gin Lys Tyr Pro Asn Trp Glu Glu Ser Trp 
355 360 365 

Gly Val Leu Trp Asp Glu lie lie Ser Asn lie Asn Ala Gly Asn lie 
370 375 380 

Glu Lys Thr Leu Pro Glu Thr Leu Pro Met Leu Cys Asn Val Thr Asn 
385 390 395 400 

Leu Pro He Gly Ser His Trp Asp Arg Phe His Leu Lys Pro Glu Gin 

405 410 415 

Leu Val Tyr Lys Gly Arg Leu Tyr Thr Phe Asp Ser Asp Val Ser Lys 

420 425 430 

Trp He Phe Glu Leu Asp Pro Glu Arg Tyr Ala Gly His Thr Asn Val 
435 440 445 

Val Asp Arg Phe He Gly Gly Gin He Gin Pro Met Thr He Glu Gly 
450 455 460 

Val Leu Asn Trp Met Gly Leu Thr Pro Glu Val Met Gly Lys Asp Val 
465 470 475 480 

Phe Asn Tyr Arg Trp Ala Gly Asp Tyr Ala Glu Asn Arg He Ala Ala 

485 490 495 

Glu 



<210> 15 

<211> 1026 

<212> DNA 

<213> Xanthobacta sp. 



<220> 

<221> CDS 

<222> (1) . . (1026) 

<400> 15 

atg aca cag cag cgc ccc acc cgc acg cgc gag cgc aag aag acc tgg 4 8 

Met Thr Gin Gin Arg Pro Thr Arg Thr Arg Glu Arg Lys Lys Thr Trp 
15 10 15 

acg get ttc ggc aat etc gga cgc aag ccg acc gac tac gag gtc gtc 96 
Thr Ala Phe Gly Asn Leu Gly Arg Lys Pro Thr Asp Tyr Glu Val Val 

20 25 30 

acc cac aac atg aac cac acc atg cgc ggc acg ccc ctg gag ctg teg 144 
Thr His Asn Met Asn His Thr Met Arg Gly Thr Pro Leu Glu Leu Ser 
35 40 45 

ccg acg gtg cac gec aat gtg tgg etc aag aag aac cgc gac gag ate 192 
Pro Thr Val His Ala Asn Val Trp Leu Lys Lys Asn Arg Asp Glu He 
50 55 60 



gcg etc aag gtc gac age tgg gat ctg ttc cgc gat ccc gac cgc acc 24 0 

Ala Leu Lys Val Asp Ser Trp Asp Leu Phe Arg Asp Pro Asp Arg Thr 
65 70 75 80 
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acc tac gac acc tac gtc aag atg cag gac gac cag gag acc tat gtc 288 
Thr Tyr Asp Thr Tyr Val Lys Met Gin Asp Asp Gin Glu Thr Tyr Val 

85 90 95 

gac aac ctg etc ctg tec tac acc ggc gag ggc cgc tac gac gag gag 33 6 

Asp Asn Leu Leu Leu Ser Tyr Thr Gly Glu Gly Arg Tyr Asp Glu Glu 

100 105 110 

ctt tec teg cgc age etc gac etc ctg tec gcg ggg ctg acg ccg acc 384 
Leu Ser Ser Arg Ser Leu Asp Leu Leu Ser Ala Gly Leu Thr Pro Thr 
115 120 125 

cgc tat ctg ggc cat ggg ctg cag atg etc gcg gee tat ate cag cag 432 
Arg Tyr Leu Gly His Gly Leu Gin Met Leu Ala Ala Tyr lie Gin Gin 
130 135 140 

etc gee ccg teg gee tat gtg ggc aat tgc gcg gtg ttc cag acc tec 480 
Leu Ala Pro Ser Ala Tyr Val Gly Asn Cys Ala Val Phe Gin Thr Ser 
145 150 155 160 

gac gcg ctg cgc cgc gtg cag cgc gtc gee tac cgc acc cgc cag etc 52 8 

Asp Ala Leu Arg Arg Val Gin Arg Val Ala Tyr Arg Thr Arg Gin Leu 

165 170 175 

gee gac gee cat ccg gee cgc ggc ttc ggc tec ggc gac egg gcg gtg 576 
Ala Asp Ala His Pro Ala Arg Gly Phe Gly Ser Gly Asp Arg Ala Val 

180 185 190 

tgg gag aag tec ccg gac tgg cag ccc ate cgc aag gee ate gag gag 624 
Trp Glu Lys Ser Pro Asp Trp Gin Pro lie Arg Lys Ala lie Glu Glu 
195 200 205 

ctg etc gtc acc ttc gaa tgg gac aag gcg etc gee ggc acc aat ttc 672 
Leu Leu Val Thr Phe Glu Trp Asp Lys Ala Leu Ala Gly Thr Asn Phe 
210 215 220 

gtg gtg aag ccg ate etc gac gag ctg ttc etc aac cac ctg gcg cgc 720 
Val Val Lys Pro lie Leu Asp Glu Leu Phe Leu Asn His Leu Ala Arg 
225 230 235 240 

ctg etc cac gtg gag ggc gac gag etc gac age etc gtg ctg egg aac 768 
Leu Leu His Val Glu Gly Asp Glu Leu Asp Ser Leu Val Leu Arg Asn 

245 250 255 

ctt cac ggc gac gee cag cgc cac gee cgc tgg acg gee gcg etc ggc 816 
Leu His Gly Asp Ala Gin Arg His Ala Arg Trp Thr Ala Ala Leu Gly 

260 265 270 

cgc ttc gee gtc gag cag aac gtg aac aac cgc acg gtc ctg cgc gac 864 
Arg Phe Ala Val Glu Gin Asn Val Asn Asn Arg Thr Val Leu Arg Asp 
275 280 285 

gee ate gee ggc tgg cac gag acc ggc gag gcg gtc etc gee gcg ggc 912 
Ala He Ala Gly Trp His Glu Thr Gly Glu Ala Val Leu Ala Ala Gly 
290 295 300 

gee ggg atg ctt gcg age cgc gee ccc age gcg gat gcg gee aag ate 960 
Ala Gly Met Leu Ala Ser Arg Ala Pro Ser Ala Asp Ala Ala Lys He 
305 310 315 320 

gee gac gag gtc cgc gee acg etc gcg cag ctg cac gee aat gcg ggc 1008 
Ala Asp Glu Val Arg Ala Thr Leu Ala Gin Leu His Ala Asn Ala Gly 

325 330 335 

etc ggg cac gat gee tga 1026 
Leu Gly His Asp Ala 

340 



<210> 16 

<211> 341 

<212> PRT 

<213> Xanthobacta sp. 



<400> 16 



34 



Met Thr Gin Gin Arg Pro Thr Arg Thr Arg Glu Arg Lys Lys Thr Trp 
15 10 15 

Thr Ala Phe Gly Asn Leu Gly Arg Lys Pro Thr Asp Tyr Glu Val Val 

20 25 30 

Thr His Asn Met Asn His Thr Met Arg Gly Thr Pro Leu Glu Leu Ser 
35 40 45 

Pro Thr Val His Ala Asn Val Trp Leu Lys Lys Asn Arg Asp Glu lie 
50 55 60 

Ala Leu Lys Val Asp Ser Trp Asp Leu Phe Arg Asp Pro Asp Arg Thr 
65 70 75 80 

Thr Tyr Asp Thr Tyr Val Lys Met Gin Asp Asp Gin Glu Thr Tyr Val 

85 90 95 

Asp Asn Leu Leu Leu Ser Tyr Thr Gly Glu Gly Arg Tyr Asp Glu Glu 

100 105 110 

Leu Ser Ser Arg Ser Leu Asp Leu Leu Ser Ala Gly Leu Thr Pro Thr 
115 120 125 

Arg Tyr Leu Gly His Gly Leu Gin Met Leu Ala Ala Tyr lie Gin Gin 
130 135 140 

Leu Ala Pro Ser Ala Tyr Val Gly Asn Cys Ala Val Phe Gin Thr Ser 
145 150 155 160 

Asp Ala Leu Arg Arg Val Gin Arg Val Ala Tyr Arg Thr Arg Gin Leu 

165 170 175 

Ala Asp Ala His Pro Ala Arg Gly Phe Gly Ser Gly Asp Arg Ala Val 

180 185 190 

Trp Glu Lys Ser Pro Asp Trp Gin Pro lie Arg Lys Ala lie Glu Glu 
195 200 205 

Leu Leu Val Thr Phe Glu Trp Asp Lys Ala Leu Ala Gly Thr Asn Phe 
210 215 220 

Val Val Lys Pro He Leu Asp Glu Leu Phe Leu Asn His Leu Ala Arg 
225 230 235 240 

Leu Leu His Val Glu Gly Asp Glu Leu Asp Ser Leu Val Leu Arg Asn 

245 250 255 

Leu His Gly Asp Ala Gin Arg His Ala Arg Trp Thr Ala Ala Leu Gly 

260 265 270 

Arg Phe Ala Val Glu Gin Asn Val Asn Asn Arg Thr Val Leu Arg Asp 
275 280 285 

Ala He Ala Gly Trp His Glu Thr Gly Glu Ala Val Leu Ala Ala Gly 
290 295 300 

Ala Gly Met Leu Ala Ser Arg Ala Pro Ser Ala Asp Ala Ala Lys He 
305 310 315 320 

Ala Asp Glu Val Arg Ala Thr Leu Ala Gin Leu His Ala Asn Ala Gly 

325 330 335 

Leu Gly His Asp Ala 

340 



<210> 17 

<211> 267 

<212> DNA 

<213> Xanthobacta sp. 



<220> 

<221> CDS 

<222> (1) . . (267) 



35 



<400> 17 

atg tct ttg ttc ccc ate gtg ggc cgc ttc gtg ggg gat ttc gtc ccc 4 8 

Met Ser Leu Phe Pro lie Val Gly Arg Phe Val Gly Asp Phe Val Pro 
1 5 10 15 

cac ctg gtg gcg gtg gac acc tct gac acc ate gat cag ate gee gag 96 
His Leu Val Ala Val Asp Thr Ser Asp Thr lie Asp Gin lie Ala Glu 

20 25 30 

aag gtg gcg gtc cac acg gtc ggg egg cgc ttg ccg ccc gat ccc acc 144 
Lys Val Ala Val His Thr Val Gly Arg Arg Leu Pro Pro Asp Pro Thr 
35 40 45 

gec acc ggc tat gag gtg etc etc gac ggc gag acc ctg gac ggg ggc 192 
Ala Thr Gly Tyr Glu Val Leu Leu Asp Gly Glu Thr Leu Asp Gly Gly 
50 55 60 

gee acc ctg gag gee ate atg acc aag cgc gag atg ctg ccc ctg cag 240 
Ala Thr Leu Glu Ala lie Met Thr Lys Arg Glu Met Leu Pro Leu Gin 
65 70 75 80 

tgg ttc gac gtg agg ttc aag aag tga 267 
Trp Phe Asp Val Arg Phe Lys Lys 

85 



<210> 18 
<211> 88 
<212> PRT 

<213> Xanthobacta sp . 
<400> 18 

Met Ser Leu Phe Pro lie Val Gly Arg Phe Val Gly Asp Phe Val Pro 
15 10 15 

His Leu Val Ala Val Asp Thr Ser Asp Thr lie Asp Gin lie Ala Glu 

20 25 30 

Lys Val Ala Val His Thr Val Gly Arg Arg Leu Pro Pro Asp Pro Thr 
35 40 45 

Ala Thr Gly Tyr Glu Val Leu Leu Asp Gly Glu Thr Leu Asp Gly Gly 
50 55 60 

Ala Thr Leu Glu Ala lie Met Thr Lys Arg Glu Met Leu Pro Leu Gin 
65 70 75 80 

Trp Phe Asp Val Arg Phe Lys Lys 

85 



<210> 19 

<211> 1584 

<212> DNA 

<213> Methylococcus capsulatas 



<220> 

<221> CDS 

<222> (1) . . (1584) 

<400> 19 

atg gca ctt age acc gca acc aag gee gcg acg gac gcg ctg get gee 4 8 

Met Ala Leu Ser Thr Ala Thr Lys Ala Ala Thr Asp Ala Leu Ala Ala 

15 10 15 

aat egg gca ccc acc age gtg aat gca cag gaa gtg cac cgt tgg etc 96 
Asn Arg Ala Pro Thr Ser Val Asn Ala Gin Glu Val His Arg Trp Leu 

20 25 30 

cag age ttc aac tgg gat ttc aag aac aac egg acc aag tac gee acc 144 
Gin Ser Phe Asn Trp Asp Phe Lys Asn Asn Arg Thr Lys Tyr Ala Thr 
35 40 45 
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aag tac aag atg gcg aac gag acc aag gaa cag ttc aag ctg ate gec 192 
Lys Tyr. Lys Met Ala Asn Glu Thr Lys Glu Gin Phe Lys Leu lie Ala 
50 55 60 

aag gaa tat gcg cgc atg gag gca gtc aag gac gaa agg cag ttc ggt 24 0 

Lys Glu Tyr Ala Arg Met Glu Ala Val Lys Asp Glu Arg Gin Phe Gly 
65 70 75 80 

age ctg cag gat gcg ctg acc cgc etc aac gec ggt gtt cgc gtt cat 288 
Ser Leu Gin Asp Ala Leu Thr Arg Leu Asn Ala Gly Val Arg Val His 

85 90 95 

ccg aag tgg aac gag acc atg aaa gtg gtt teg aac ttc ctg gaa gtg 336 
Pro Lys Trp Asn Glu Thr Met Lys Val Val Ser Asn Phe Leu Glu Val 

100 105 110 

ggc gaa tac aac gec ate gec get acc ggg atg ctg tgg gat tec gee 3 84 

Gly Glu Tyr Asn Ala lie Ala Ala Thr Gly Met Leu Trp Asp Ser Ala 
115 120 125 

cag gcg gcg gaa cag aag aac ggc tat ctg gee cag gtg ttg gat gaa 432 
Gin Ala Ala Glu Gin Lys Asn Gly Tyr Leu Ala Gin Val Leu Asp Glu 
130 135 140 

ate cgc cac acc cac cag tgt gee tac gtc aac tac tac ttc gcg aag 480 
lie Arg His Thr His Gin Cys Ala Tyr Val Asn Tyr Tyr Phe Ala Lys 
145 150 155 160 

aac ggc cag gac ccg gec ggt cac aac gat get cgc cgc acc cgt acc 528 
Asn Gly Gin Asp Pro Ala Gly His Asn Asp Ala Arg Arg Thr Arg Thr 

165 170 175 

ate ggt ccg ctg tgg aag ggc atg aag cgc gtg ttt tec gac ggc ttc 576 
lie Gly Pro Leu Trp Lys Gly Met Lys Arg Val Phe Ser Asp Gly Phe 

180 185 190 

att tec ggc gac gee gtg gaa tgc tec etc aac ctg cag ctg gtg ggt 624 
lie Ser Gly Asp Ala Val Glu Cys Ser Leu Asn Leu Gin Leu Val Gly 
195 200 205 

gag gee tgc ttc acc aat ccg ctg ate gtc gca gtg acc gaa tgg get 672 
Glu Ala Cys Phe Thr Asn Pro Leu lie Val Ala Val Thr Glu Trp Ala 
210 215 220 

gec gee aac ggc gat gaa ate acc ccg acg gtg ttc ctg teg ate gag 720 
Ala Ala Asn Gly Asp Glu lie Thr Pro Thr Val Phe Leu Ser lie Glu 
225 230 235 240 

acc gac gaa ctg cgc cac atg gec aac ggt tac cag acc gtc gtt tec 768 
Thr Asp Glu Leu Arg His Met Ala Asn Gly Tyr Gin Thr Val Val Ser 

245 250 255 

ate gec aac gat ccg get tec gec aag tat etc aac acg gac ctg aac 816 
lie Ala Asn Asp Pro Ala Ser Ala Lys Tyr Leu Asn Thr Asp Leu Asn 

260 265 270 

aac gee ttc tgg acc cag cag aag tac ttc acg ccg gtg ttg ggc atg 864 
Asn Ala Phe Trp Thr Gin Gin Lys Tyr Phe Thr Pro Val Leu Gly Met 
275 280 285 

ctg ttc gag tat ggc tec aag ttc aag gtc gag ccg tgg gtc aag acg 912 
Leu Phe Glu Tyr Gly Ser Lys Phe Lys Val Glu Pro Trp Val Lys Thr 
290 295 300 

tgg gac cgc tgg gtg tac gag gac tgg ggc ggc ate tgg ate ggc cgt 960 
Trp Asp Arg Trp Val Tyr Glu Asp Trp Gly Gly lie Trp lie Gly Arg 
305 310 315 320 

ctg ggc aag tac ggg gtg gag teg ccg cgc age etc aag gac gec aag 1008 
Leu Gly Lys Tyr Gly Val Glu Ser Pro Arg Ser Leu Lys Asp Ala Lys 

325 330 335 



cag gac get tac tgg get cac cac gac ctg tat ctg ctg get tat gcg 
Gin Asp Ala Tyr Trp Ala His His Asp Leu Tyr Leu Leu Ala Tyr Ala 

340 345 350 



1056 
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ctg tgg ccg acc ggc ttc ttc cgt ctg gcg ctg ccg gat cag gaa gaa 
Leu Trp Pro Thr Gly Phe Phe Arg Leu Ala Leu Pro Asp Gin Glu Glu 
355 360 365 

atg gag tgg ttc gag gcc aac tac ccc ggc tgg tac gac cac tac ggc 
Met Glu Trp Phe Glu Ala Asn Tyr Pro Gly Trp Tyr Asp His Tyr Gly 
370 375 380 

aag ate tac gag gaa tgg cgc gcc cgc ggt tgc gag gat ccg tec teg 
Lys lie Tyr Glu Glu Trp Arg Ala Arg Gly Cys Glu Asp Pro Ser Ser 
385 390 395 400 

ggc ttc ate ccg ctg atg tgg ttc ate gaa aac aac cat ccc ate tac 
Gly Phe lie Pro Leu Met Trp Phe lie Glu Asn Asn His Pro lie Tyr 

405 410 415 

ate gat cgc gtg teg caa gtg ccg ttc tgc ccg age ttg gcc aag ggc 
lie Asp Arg Val Ser Gin Val Pro Phe Cys Pro Ser Leu Ala Lys Gly 

420 425 430 

gcc age acc ctg cgc gtg cac gag tac aac ggc gag atg cac acc ttc 
Ala Ser Thr Leu Arg Val His Glu Tyr Asn Gly Glu Met His Thr Phe 
435 440 445 

age gac cag tgg ggc gag cgc atg tgg ctg gcc gag ccg gag cgc tac 
Ser Asp Gin Trp Gly Glu Arg Met Trp Leu Ala Glu Pro Glu Arg Tyr 
450 455 460 

gag tgc cag aac ate ttc gaa cag tac gaa gga cgc gaa ctg teg gaa 
Glu Cys Gin Asn lie Phe Glu Gin Tyr Glu Gly Arg Glu Leu Ser Glu 
465 470 475 480 

gtg ate gcc gaa ctg cac ggg ctg cgc agt gat ggc aag acc ctg ate 
Val lie Ala Glu Leu His Gly Leu Arg Ser Asp Gly Lys Thr Leu lie 

485 490 495 

gcc cag ccg cat gtc cgt ggc gac aag ctg tgg acg ttg gac gat ate 
Ala Gin Pro His Val Arg Gly Asp Lys Leu Trp Thr Leu Asp Asp He 

500 505 510 

aaa cgc ctg aac tgc gtc ttc aag aac ccg gtg aag gca ttc aat tga 
Lys Arg Leu Asn Cys Val Phe Lys Asn Pro Val Lys Ala Phe Asn 
515 520 525 



<210> 20 
<211> 527 
<212> PRT 

<213> Methylococcus capsulatas 
<400> 20 

Met Ala Leu Ser Thr Ala Thr Lys Ala Ala Thr Asp Ala Leu Ala Ala 
15 10 15 

Asn Arg Ala Pro Thr Ser Val Asn Ala Gin Glu Val His Arg Trp Leu 

20 25 30 

Gin Ser Phe Asn Trp Asp Phe Lys Asn Asn Arg Thr Lys Tyr Ala Thr 
35 40 45 

Lys Tyr Lys Met Ala Asn Glu Thr Lys Glu Gin Phe Lys Leu He Ala 
50 55 60 

Lys Glu Tyr Ala Arg Met Glu Ala Val Lys Asp Glu Arg Gin Phe Gly 
65 70 75 80 

Ser Leu Gin Asp Ala Leu Thr Arg Leu Asn Ala Gly Val Arg Val His 

85 90 95 

Pro Lys Trp Asn Glu Thr Met Lys Val Val Ser Asn Phe Leu Glu Val 

100 105 110 



Gly Glu Tyr Asn Ala He Ala Ala Thr Gly Met Leu Trp Asp Ser Ala 
115 120 125 
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Gin Ala Ala Glu Gin Lys Asn Gly Tyr Leu Ala Gin Val Leu Asp Glu 
130 135 140 

lie Arg His Thr His Gin Cys Ala Tyr Val Asn Tyr Tyr Phe Ala Lys 
145 150 155 160 

Asn Gly Gin Asp Pro Ala Gly His Asn Asp Ala Arg Arg Thr Arg Thr 

165 170 175 

lie Gly Pro Leu Trp Lys Gly Met Lys Arg Val Phe Ser Asp Gly Phe 

180 185 190 

lie Ser Gly Asp Ala Val Glu Cys Ser Leu Asn Leu Gin Leu Val Gly 
195 200 205 

Glu Ala Cys Phe Thr Asn Pro Leu lie Val Ala Val Thr Glu Trp Ala 
210 215 220 

Ala Ala Asn Gly Asp Glu lie Thr Pro Thr Val Phe Leu Ser lie Glu 
225 230 235 240 

Thr Asp Glu Leu Arg His Met Ala Asn Gly Tyr Gin Thr Val Val Ser 

245 250 255 

lie Ala Asn Asp Pro Ala Ser Ala Lys Tyr Leu Asn Thr Asp Leu Asn 

260 265 270 

Asn Ala Phe Trp Thr Gin Gin Lys Tyr Phe Thr Pro Val Leu Gly Met 
275 280 285 

Leu Phe Glu Tyr Gly Ser Lys Phe Lys Val Glu Pro Trp Val Lys Thr 
290 295 300 

Trp Asp Arg Trp Val Tyr Glu Asp Trp Gly Gly lie Trp lie Gly Arg 
305 310 315 320 

Leu Gly Lys Tyr Gly Val Glu Ser Pro Arg Ser Leu Lys Asp Ala Lys 

325 330 335 

Gin Asp Ala Tyr Trp Ala His His Asp Leu Tyr Leu Leu Ala Tyr Ala 

340 345 350 

Leu Trp Pro Thr Gly Phe Phe Arg Leu Ala Leu Pro Asp Gin Glu Glu 
355 360 365 

Met Glu Trp Phe Glu Ala Asn Tyr Pro Gly Trp Tyr Asp His Tyr Gly 
370 375 380 

Lys lie Tyr Glu Glu Trp Arg Ala Arg Gly Cys Glu Asp Pro Ser Ser 
385 390 395 400 

Gly Phe lie Pro Leu Met Trp Phe lie Glu Asn Asn His Pro lie Tyr 

405 410 415 

lie Asp Arg Val Ser Gin Val Pro Phe Cys Pro Ser Leu Ala Lys Gly 

420 425 430 

Ala Ser Thr Leu Arg Val His Glu Tyr Asn Gly Glu Met His Thr Phe 
435 440 445 

Ser Asp Gin Trp Gly Glu Arg Met Trp Leu Ala Glu Pro Glu Arg Tyr 
450 455 460 

Glu Cys Gin Asn lie Phe Glu Gin Tyr Glu Gly Arg Glu Leu Ser Glu 
465 470 475 480 

Val lie Ala Glu Leu His Gly Leu Arg Ser Asp Gly Lys Thr Leu lie 

485 490 495 

Ala Gin Pro His Val Arg Gly Asp Lys Leu Trp Thr Leu Asp Asp ile 

500 505 510 

Lys Arg Leu Asn Cys Val Phe Lys Asn Pro Val Lys Ala Phe Asn 
515 520 525 
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<210> 21 
<211> 1170 
<212> DNA 

<213> Methylococcus capsulatas 



<220> 

<221> CDS 

<222> (1) . - (1170) 

<400> 21 

atg age atg tta gga gaa aga cgc cgc ggt ctg acc gat ccg gaa atg 4 8 

Met Ser Met Leu Gly Glu Arg Arg Arg Gly Leu Thr Asp Pro Glu Met 

15 10 15 

gcg gec gtc att ttg aag gcg ctt cct gaa get ccg ctg gac ggc aac 96 
Ala Ala Val lie Leu Lys Ala Leu Pro Glu Ala Pro Leu Asp Gly Asn 

20 25 30 

aac aag atg ggt tat ttc gtc acc ccc cgc tgg aaa cgc ttg acg gaa 144 
Asn Lys Met Gly Tyr Phe Val Thr Pro Arg Trp Lys Arg Leu Thr Glu 
35 40 45 

tat gaa gec ctg acc gtt tat gcg cag ccc aac gec gac tgg ate gee 192 
Tyr Glu Ala Leu Thr Val Tyr Ala Gin Pro Asn Ala Asp Trp lie Ala 
50 55 60 

ggc ggc ctg gac tgg ggc gac tgg acc cag aaa ttc cac ggc ggc cgc 24 0 

Gly Gly Leu Asp Trp Gly Asp Trp Thr Gin Lys Phe His Gly Gly Arg 
65 70 75 80 

cct tec tgg ggc aac gag acc acg gag ctg cgc acc gtc gac tgg ttc 288 
Pro Ser Trp Gly Asn Glu Thr Thr Glu Leu Arg Thr Val Asp Trp Phe 

85 90 95 

aag cac cgt gac ccg etc cgc cgt tgg cat gcg ccg tac gtc aag gac 3 36 

Lys His Arg Asp Pro Leu Arg Arg Trp His Ala Pro Tyr Val Lys Asp 

100 105 110 

aag gee gag gaa tgg cgc tac acc gac cgc ttc ctg cag ggt tac tec 3 84 

Lys Ala Glu Glu Trp Arg Tyr Thr Asp Arg Phe Leu Gin Gly Tyr Ser 
115 120 125 

gec gac ggt cag ate egg gcg atg aac ccg acc tgg egg gac gag ttc 432 
Ala Asp Gly Gin lie Arg Ala Met Asn Pro Thr Trp Arg Asp Glu Phe 
130 135 140 

ate aac egg tat tgg ggc gee ttc ctg ttc aac gaa tac gga ttg ttc 4 80 

lie Asn Arg Tyr Trp Gly Ala Phe Leu Phe Asn Glu Tyr Gly Leu Phe 
145 150 155 160 

aac get cat teg cag ggc gee egg gag gcg ctg teg gac gta acc cgc 52 8 

Asn Ala His Ser Gin Gly Ala Arg Glu Ala Leu Ser Asp Val Thr Arg 

165 170 175 

gtc age ctg get ttc tgg ggc ttc gac aag ate gac ate gec cag atg 576 
Val Ser Leu Ala Phe Trp Gly Phe Asp Lys lie Asp lie Ala Gin Met 

180 185 190 

ate caa etc gaa egg ggt ttc etc gee aag ate gta ccc ggt ttc gac 624 
lie Gin Leu Glu Arg Gly Phe Leu Ala Lys lie Val Pro Gly Phe Asp 
195 200 205 

gag tec aca gcg gtg ccg aag gee gaa tgg acg aac ggg gag gtc tac 672 
Glu Ser Thr Ala Val Pro Lys Ala Glu Trp Thr Asn Gly Glu Val Tyr 
210 215 220 

aag age gec cgt ctg gee gtg gaa ggg ctg tgg cag gag gtg ttc gac 720 
Lys Ser Ala Arg Leu Ala Val Glu Gly Leu Trp Gin Glu Val Phe Asp 
225 230 235 240 

tgg aac gag age get ttc teg gtg cac gee gtc tat gac gcg ctg ttc 76 8 

Trp Asn Glu Ser Ala Phe Ser Val His Ala Val Tyr Asp Ala Leu Phe 

245 250 255 

ggt cag ttc gtc cgc cgc gag ttc ttt cag egg ctg get ccc cgc ttc 816 
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Gly Gin Phe Val Arg Arg Glu Phe Phe Gin Arg Leu Ala Pro Arg Phe 

260 265 270 

ggc gac aat ctg acg cca ttc ttc ate aac cag gec cag aca tac ttc 864 
Gly Asp Asn Leu Thr Pro Phe Phe lie Asn Gin Ala Gin Thr Tyr Phe 
275 280 285 

cag ate gec aag cag ggc gta cag gat ctg tat tac aac tgt ctg ggt 912 
Gin lie Ala Lys Gin Gly Val Gin Asp Leu Tyr Tyr Asn Cys Leu Gly 
290 295 300 

gac gat ccg gag ttc age gat tac aac cgt acc gtg atg cgc aac tgg 960 
Asp Asp Pro Glu Phe Ser Asp Tyr Asn Arg Thr Val Met Arg Asn Trp 
305 310 315 320 

acc ggc aag tgg ctg gag ccc acg ate gec get ctg cgc gac ttc atg 1008 
Thr Gly Lys Trp Leu Glu Pro Thr lie Ala Ala Leu Arg Asp Phe Met 

325 330 335 

ggg ctg ttt gcg aag ctg ccg gcg ggc acc act gac aag gaa gaa ate 1056 
Gly Leu Phe Ala Lys Leu Pro Ala Gly Thr Thr Asp Lys Glu Glu lie 

340 345 350 

acc gcg tec ctg tac egg gtg gtc gac gac tgg ate gag gac tac gee 1104 
Thr Ala Ser Leu Tyr Arg Val Val Asp Asp Trp lie Glu Asp Tyr Ala 
355 360 365 

age gcg ate gac ttc aag gcg gac cgc gat cag ate gtt aaa gcg gtt 1152 
Ser Ala lie Asp Phe Lys Ala Asp Arg Asp Gin lie Val Lys Ala Val 
370 375 380 

ctg gca gga ttg aaa taa 1170 

Leu Ala Gly Leu Lys 

385 



<210> 22 
<211> 389 
<212> PRT 

<213> Methylococcus capsulatas 
<400> 22 

Met Ser Met Leu Gly Glu Arg Arg Arg Gly Leu Thr Asp Pro Glu Met 
15 10 15 

Ala Ala Val lie Leu Lys Ala Leu Pro Glu Ala Pro Leu Asp Gly Asn 

20 25 30 

Asn Lys Met Gly Tyr Phe Val Thr Pro Arg Trp Lys Arg Leu Thr Glu 
35 40 45 

Tyr Glu Ala Leu Thr Val Tyr Ala Gin Pro Asn Ala Asp Trp lie Ala 
50 55 60 

Gly Gly Leu Asp Trp Gly Asp Trp Thr Gin Lys Phe His Gly Gly Arg 
65 70 75 80 

Pro Ser Trp Gly Asn Glu Thr Thr Glu Leu Arg Thr Val Asp Trp Phe 

85 90 95 

Lys His Arg Asp Pro Leu Arg Arg Trp His Ala Pro Tyr Val Lys Asp 

100 105 110 

Lys Ala Glu Glu Trp Arg Tyr Thr Asp Arg Phe Leu Gin Gly Tyr Ser 
115 120 125 

Ala Asp Gly Gin lie Arg Ala Met Asn Pro Thr Trp Arg Asp Glu Phe 
130 135 140 

lie Asn Arg Tyr Trp Gly Ala Phe Leu Phe Asn Glu Tyr Gly Leu Phe 
145 150 155 160 



Asn Ala His Ser Gin Gly Ala Arg Glu Ala Leu Ser Asp Val Thr Arg 

165 170 175 
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Val Ser Leu Ala Phe Trp Gly Phe Asp Lys lie Asp lie Ala Gin Met 

180 185 190 

lie Gin Leu Glu Arg Gly Phe Leu Ala Lys lie Val Pro Gly Phe Asp 
195 200 205 

Glu Ser Thr Ala Val Pro Lys Ala Glu Trp Thr Asn Gly Glu Val Tyr 
210 215 220 

Lys Ser Ala Arg Leu Ala Val Glu Gly Leu Trp Gin Glu Val Phe Asp 
225 230 235 240 

Trp Asn Glu Ser Ala Phe Ser Val His Ala Val Tyr Asp Ala Leu Phe 

245 250 255 

Gly Gin Phe Val Arg Arg Glu Phe Phe Gin Arg Leu Ala Pro Arg Phe 

260 265 270 

Gly Asp Asn Leu Thr Pro Phe Phe lie Asn Gin Ala Gin Thr Tyr Phe 
275 280 285 

Gin lie Ala Lys Gin Gly Val Gin Asp Leu Tyr Tyr Asn Cys Leu Gly 
290 295 300 

Asp Asp Pro Glu Phe Ser Asp Tyr Asn Arg Thr Val Met Arg Asn Trp 
305 310 315 320 

Thr Gly Lys Trp Leu Glu Pro Thr lie Ala Ala Leu Arg Asp Phe Met 

325 330 335 

Gly Leu Phe Ala Lys Leu Pro Ala Gly Thr Thr Asp Lys Glu Glu lie 

340 345 350 

Thr Ala Ser Leu Tyr Arg Val Val Asp Asp Trp lie Glu Asp Tyr Ala 
355 360 365 

Ser Ala lie Asp Phe Lys Ala Asp Arg Asp Gin lie Val Lys Ala Val 
370 375 380 

Leu Ala Gly Leu Lys 
385 



<210> 23 

<211> 513 

<212> DNA 

<213> Methylococcus capsulatas 



<220> 

<221> CDS 

<222> (1) . . (513) 

<400> 23 

atg gcg aaa ctg ggt ata cac age aac gac acc cgc gac gcc tgg gtg 4 8 

Met Ala Lys Leu Gly lie His Ser Asn Asp Thr Arg Asp Ala Trp Val 
15 10 15 



aac aag ate gcg cag etc 
Asn Lys lie Ala Gin Leu 

20 

aag cag ttc egg atg gac 
Lys Gin Phe Arg Met Asp 
35 

ctg gac aac gac tac etc 
Leu Asp Asn Asp Tyr Leu 
50 

gcc gtc etc aag gca cgc 
Ala Val Leu Lys Ala Arg 
65 70 

acc get ttc ggc gag gat 
Thr Ala Phe Gly Glu Asp 



aac acc ctg gaa aaa gcg 
Asn Thr Leu Glu Lys Ala 
25 

cac acc acg ccg ttc cgc 
His Thr Thr Pro Phe Arg 
40 

tgg ate gag gcc aag etc 
Trp lie Glu Ala Lys Leu 
55 60 

gcc ttc aac gag gtg gac 
Ala Phe Asn Glu Val Asp 

75 

gcc aag tec gtt ctg gac 
Ala Lys Ser Val Leu Asp 



gcc gag atg ctg 96 
Ala Glu Met Leu 
30 

aac age tac gaa 14 4 

Asn Ser Tyr Glu 

45 

gaa gag aag gtc 192 
Glu Glu Lys Val 



ttc cgt cat aag 240 
Phe Arg His Lys 

80 

ggc acc gtc gcg 288 
Gly Thr Val Ala 
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85 90 95 

aag atg aac gcg gcc aag gac aag tgg gag gcg gag aag ate cat ate 33 6 

Lys Met Asn Ala Ala Lys Asp Lys Trp Glu Ala Glu Lys lie His lie 

100 105 110 

ggt ttc cgc cag gcc tac aag ccg ccg ate atg ccg gtg aac tat ttc 3 84 

Gly Phe Arg Gin Ala Tyr Lys Pro Pro lie Met Pro Val Asn Tyr Phe 
115 120 125 

ctg gac ggc gag cgt cag ttg ggg ace egg ctg atg gaa ctg cgc aac 4 32 

Leu Asp Gly Glu Arg Gin Leu Gly Thr Arg Leu Met Glu Leu Arg Asn 
130 135 140 

etc aac tac tac gac acg ccg ctg gaa gaa ctg cgc aaa cag cgc ggt 4 80 

Leu Asn Tyr Tyr Asp Thr Pro Leu Glu Glu Leu Arg Lys Gin Arg Gly 
145 150 155 160 

gtg egg gtg gtg cat ctg cag teg ccg cac tga 513 
Val Arg Val Val His Leu Gin Ser Pro His 

165 170 



<210> 24 
<211> 170 
<212> PRT 

<213> Methylococcus capsulatas 
<400> 24 

Met Ala Lys Leu Gly lie His Ser Asn Asp Thr Arg Asp Ala Trp Val 
15 10 15 

Asn Lys lie Ala Gin Leu Asn Thr Leu Glu Lys Ala Ala Glu Met Leu 

20 25 30 

Lys Gin Phe Arg Met Asp His Thr Thr Pro Phe Arg Asn Ser Tyr Glu 
35 40 45 

Leu Asp Asn Asp Tyr Leu Trp lie Glu Ala Lys Leu Glu Glu Lys Val 
50 55 60 

Ala Val Leu Lys Ala Arg Ala Phe Asn Glu Val Asp Phe Arg His Lys 
65 70 75 80 

Thr Ala Phe Gly Glu Asp Ala Lys Ser Val Leu Asp Gly Thr Val Ala 

85 90 95 

Lys Met Asn Ala Ala Lys Asp Lys Trp Glu Ala Glu Lys lie His lie 

100 105 110 

Gly Phe Arg Gin Ala Tyr Lys Pro Pro lie Met Pro Val Asn Tyr Phe 
115 120 125 

Leu Asp Gly Glu Arg Gin Leu Gly Thr Arg Leu Met Glu Leu Arg Asn 
130 135 140 

Leu Asn Tyr Tyr Asp Thr Pro Leu Glu Glu Leu Arg Lys Gin Arg Gly 
145 150 155 160 

Val Arg Val Val His Leu Gin Ser Pro His 

165 170 



<210> 25 

<211> 1206 

<212> DNA 

<213> Pseudomonas oleovorans 



<220> 

<221> CDS 

<222> (1) . . (1206) 



<400> 25 

atg ctt gag aaa cac aga gtt ctg gat tec get cca gag tac gta gat 48 
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Met Leu Glu Lys His Arg Val Leu Asp Ser Ala Pro Glu Tyr Val Asp 
15 10 15 

aaa aag aaa tat etc tgg ata eta tea act ttg tgg ccg get act ccg 96 
Lys Lys Lys Tyr Leu Trp lie Leu Ser Thr Leu Trp Pro Ala Thr Pro 

20 25 30 

atg ate gga ate tgg ctt gca aat gaa act ggt tgg ggg att ttt tat 144 
Met lie Gly lie Trp Leu Ala Asn Glu Thr Gly Trp Gly lie Phe Tyr 
35 40 45 

ggg ctg gta ttg etc gta tgg tac ggc gca ctt cca ttg ctt gat gcg 192 
Gly Leu Val Leu Leu Val Trp Tyr Gly Ala Leu Pro Leu Leu Asp Ala 
50 55 60 

atg ttt ggt gag gac ttt aat aat ccg cct gaa gaa gtg gtg ccg aaa 24 0 

Met Phe Gly Glu Asp Phe Asn Asn Pro Pro Glu Glu Val Val Pro Lys 
65 70 75 80 

eta gag aag gag egg tac tat cga gtt ttg aca tat eta aca gtt cct 288 
Leu Glu Lys Glu Arg Tyr Tyr Arg Val Leu Thr Tyr Leu Thr Val Pro 

85 90 95 

atg cat tac get gca tta att gtg tea gca tgg tgg gtc gga act cag 336 
Met His Tyr Ala Ala Leu lie Val Ser Ala Trp Trp Val Gly Thr Gin 

100 105 110 

cca atg tct tgg ctt gaa att ggt gcg ctt gee ttg tea ctg ggt ate 3 84 

Pro Met Ser Trp Leu Glu lie Gly Ala Leu Ala Leu Ser Leu Gly lie 
115 120 125 

gtg aac gga eta gcg etc aat aca gga cac gaa etc ggt cac aag aag 432 
Val Asn Gly Leu Ala Leu Asn Thr Gly His Glu Leu Gly His Lys Lys 
130 135 140 

gag act ttt gat cgt tgg atg gee aaa att gtg ttg get gtc gta ggg 480 
Glu Thr Phe Asp Arg Trp Met Ala Lys lie Val Leu Ala Val Val Gly 
145 150 155 160 

tac ggt cac ttc ttt att gag cat aat aag ggt cat cac cgt gat gtc 52 8 

Tyr Gly His Phe Phe lie Glu His Asn Lys Gly His His Arg Asp Val 

165 170 175 

get aca ccg atg gat cct gca aca tec egg atg gga gaa age att tat 576 
Ala Thr Pro Met Asp Pro Ala Thr Ser Arg Met Gly Glu Ser lie Tyr 

180 185 190 

aag ttt tea ate cgt gag ate cca gga gca ttt att cgt get tgg ggg 624 
Lys Phe Ser lie Arg Glu lie Pro Gly Ala Phe lie Arg Ala Trp Gly 
195 200 205 

ctt gag gaa caa cgc ctt teg cgc cgt ggc caa age gtt tgg agt ttc 672 
Leu Glu Glu Gin Arg Leu Ser Arg Arg Gly Gin Ser Val Trp Ser Phe 
210 215 220 

gat aat gaa ate etc caa cca atg ate ate aca gtt att ctt tac gee 720 
Asp Asn Glu lie Leu Gin Pro Met lie lie Thr Val lie Leu Tyr Ala 
225 230 235 240 

gtt etc ctt gee ttg ttt gga cct aag atg ctg gtg ttc ctg ccg att 768 
Val Leu Leu Ala Leu Phe Gly Pro Lys Met Leu Val Phe Leu Pro lie 

245 250 255 

caa atg get ttc ggt tgg tgg cag ctg ace agt gcg aac tat att gaa 816 
Gin Met Ala Phe Gly Trp Trp Gin Leu Thr Ser Ala Asn Tyr lie Glu 

260 265 270 

cat tac ggc ttg etc cgt caa aaa atg gag gac ggt cga tat gag cat 8 64 

His Tyr Gly Leu Leu Arg Gin Lys Met Glu Asp Gly Arg Tyr Glu His 
275 280 285 

caa aag ccg cac cat tct tgg aat agt aat cac ate gtc tct aat eta 912 
Gin Lys Pro His His Ser Trp Asn Ser Asn His lie Val Ser Asn Leu 
290 295 300 



gtg ctg ttc cac ctt cag egg cac teg gat cac cac gcg cat cca aca 



960 
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Val Leu Phe His Leu Gin Arg His Ser Asp His His Ala His Pro Thr 
305 310 315 320 

cgt tct tat cag tea ctt egg gat ttt ccc ggc ctg ccg get ctt ccg 1008 
Arg Ser Tyr Gin Ser Leu Arg Asp Phe Pro Gly Leu Pro Ala Leu Pro 

325 330 335 

acg ggt tac cct ggt gca ttt ttg atg gcg atg att cct cag tgg ttt 1056 
Thr Gly Tyr Pro Gly Ala Phe Leu Met Ala Met lie Pro Gin Trp Phe 

340 345 350 

aga tea gtt atg gat ccc aag gta gta gat tgg get ggt ggt gac ctt 1104 
Arg Ser Val Met Asp Pro Lys Val Val Asp Trp Ala Gly Gly Asp Leu 
355 360 365 

aat aag ate caa att gat gat teg atg cga gaa ace tat ttg aaa aaa 1152 
Asn Lys lie Gin lie Asp Asp Ser Met Arg Glu Thr Tyr Leu Lys Lys 
370 375 380 

ttt ggc act agt agt get ggt cat agt teg agt acc tct gcg gta gca 1200 
Phe Gly Thr Ser Ser Ala Gly His Ser Ser Ser Thr Ser Ala Val Ala 
385 390 395 400 

teg tag 1206 
Ser 



<210> 26 
<211> 401 
<212> PRT 

<213> Pseudomonas oleovorans 
<400> 26 

Met Leu Glu Lys His Arg Val Leu Asp Ser Ala Pro Glu Tyr Val Asp 
15 10 15 

Lys Lys Lys Tyr Leu Trp lie Leu Ser Thr Leu Trp Pro Ala Thr Pro 

20 25 30 

Met lie Gly lie Trp Leu Ala Asn Glu Thr Gly Trp Gly lie Phe Tyr 
35 40 45 

Gly Leu Val Leu Leu Val Trp Tyr Gly Ala Leu Pro Leu Leu Asp Ala 
50 55 60 

Met Phe Gly Glu Asp Phe Asn Asn Pro Pro Glu Glu Val Val Pro Lys 
65 70 75 80 

Leu Glu Lys Glu Arg Tyr Tyr Arg Val Leu Thr Tyr Leu Thr Val Pro 

85 90 95 

Met His Tyr Ala Ala Leu lie Val Ser Ala Trp Trp Val Gly Thr Gin 

100 105 110 

Pro Met Ser Trp Leu Glu lie Gly Ala Leu Ala Leu Ser Leu Gly lie 
115 120 125 

Val Asn Gly Leu Ala Leu Asn Thr Gly His Glu Leu Gly His Lys Lys 
130 135 140 

Glu Thr Phe Asp Arg Trp Met Ala Lys lie Val Leu Ala Val Val Gly 
145 150 155 160 

Tyr Gly His Phe Phe lie Glu His Asn Lys Gly His His Arg Asp Val 

165 170 175 

Ala Thr Pro Met Asp Pro Ala Thr Ser Arg Met Gly Glu Ser lie Tyr 

180 185 190 

Lys Phe Ser He Arg Glu He Pro Gly Ala Phe lie Arg Ala Trp Gly 
195 200 205 



Leu Glu Glu Gin Arg Leu Ser Arg Arg Gly Gin Ser Val Trp Ser Phe 
210 215 220 
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Asp Asn Glu lie Leu Gin Pro Met lie lie Thr Val lie Leu Tyr Ala 
225 230 235 240 



Val Leu Leu Ala Leu Phe Gly Pro Lys Met Leu Val Phe Leu Pro lie 

245 250 255 

Gin Met Ala Phe Gly Trp Trp Gin Leu Thr Ser Ala Asn Tyr He Glu 

260 265 270 

His Tyr Gly Leu Leu Arg Gin Lys Met Glu Asp Gly Arg Tyr Glu His 
275 280 285 

Gin Lys Pro His His Ser Trp Asn Ser Asn His He Val Ser Asn Leu 
290 295 300 

Val Leu Phe His Leu Gin Arg His Ser Asp His His Ala His Pro Thr 
305 310 315 320 

Arg Ser Tyr Gin Ser Leu Arg Asp Phe Pro Gly Leu Pro Ala Leu Pro 

325 330 335 

Thr Gly Tyr Pro Gly Ala Phe Leu Met Ala Met He Pro Gin Trp Phe 

340 345 350 

Arg Ser Val Met Asp Pro Lys Val Val Asp Trp Ala Gly Gly Asp Leu 
355 360 365 

Asn Lys He Gin He Asp Asp Ser Met Arg Glu Thr Tyr Leu Lys Lys 
370 375 380 

Phe Gly Thr Ser Ser Ala Gly His Ser Ser Ser Thr Ser Ala Val Ala 
385 390 395 400 

Ser 



<210> 27 

<211> 1560 

<212> DNA 

<213> Burkholderia cepacia 
<220> 

<221> CDS 

<222> (1) . . (1560) 

<400> 27 

atg gac act tct gtg cag aag aag aaa etc ggt tta aag aat cgc tac 4 8 

Met Asp Thr Ser Val Gin Lys Lys Lys Leu Gly Leu Lys Asn Arg Tyr 
15 10 15 

gca gcg atg acc cgc ggt ctt ggc tgg cag acc age tac cag ccg atg 96 
Ala Ala Met Thr Arg Gly Leu Gly Trp Gin Thr Ser Tyr Gin Pro Met 

20 25 30 

gag aaa gtg ttt ccg tac gac aag tac gaa ggc ate aag ate cac gat 144 
Glu Lys Val Phe Pro Tyr Asp Lys Tyr Glu Gly He Lys He His Asp 
35 40 45 

tgg gat aaa tgg gaa gac ccc ttc cgc ctg acc atg gac gee tac tgg 192 
Trp Asp Lys Trp Glu Asp Pro Phe Arg Leu Thr Met Asp Ala Tyr Trp 
50 55 60 

aaa tat cag ggc gag aag gaa aaa aag ctt tac gee gtc ate gac get 24 0 

Lys Tyr Gin Gly Glu Lys Glu Lys Lys Leu Tyr Ala Val He Asp Ala 
65 70 75 80 

ttc gcg cag aac aac ggg cag ttg age att tec gac gcg cga tat gtc 288 
Phe Ala Gin Asn Asn Gly Gin Leu Ser He Ser Asp Ala Arg Tyr Val 

85 90 95 

aac gca etc aag gtg ttt ate cag ggt gtg aca ccg ttg gag tat atg 33 6 

Asn Ala Leu Lys Val Phe He Gin Gly Val Thr Pro Leu Glu Tyr Met 
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100 105 110 

gca cac cga ggt ttt gcc cac att ggt egg cat ttt acg ggt gaa ggg 3 84 

Ala His Arg Gly Phe Ala His lie Gly Arg His Phe Thr Gly Glu Gly 
115 120 125 

gca cgt gtt get tgc cag atg cag tec ate gac gag ctg cgt cac ttc 43 2 

Ala Arg Val Ala Cys Gin Met Gin Ser lie Asp Glu Leu Arg His Phe 
130 135 140 

cag ace gaa atg cat get etc teg cac tac aac aag tat ttt aac ggt 480 
Gin Thr Glu Met His Ala Leu Ser His Tyr Asn Lys Tyr Phe Asn Gly 
145 150 155 160 

ctg cac aac tec ate cat tgg tac gac egg gtt tgg tat ttg teg gtg 52 8 

Leu His Asn Ser lie His Trp Tyr Asp Arg Val Trp Tyr Leu Ser Val 

165 170 175 

ccc aag tea ttt ttt gaa gac gcg gcc ace ggt gga ccg ttc gag ttt 576 
Pro Lys Ser Phe Phe Glu Asp Ala Ala Thr Gly Gly Pro Phe Glu Phe 

180 185 190 

ctt ace gcg gtg age ttt teg ttc gaa tat gtg ttg ace aac ctg ctg 624 
Leu Thr Ala Val Ser Phe Ser Phe Glu Tyr Val Leu Thr Asn Leu Leu 
195 200 205 

ttt gtc ccc ttc atg teg ggt get get tac aac ggg gac atg tct acg 672 
Phe Val Pro Phe Met Ser Gly Ala Ala Tyr Asn Gly Asp Met Ser Thr 
210 215 220 

gtc act ttc ggt ttt teg gcg caa agt gac gaa teg cgc cac atg aca 72 0 

Val Thr Phe Gly Phe Ser Ala Gin Ser Asp Glu Ser Arg His Met Thr 
225 230 235 240 

etc ggc ate gaa tgc ate aag ttc atg eta gaa cag gat ccg gac aac 768 
Leu Gly lie Glu Cys lie Lys Phe Met Leu Glu Gin Asp Pro Asp Asn 

245 250 255 

gtg ccc ate gtg cag cgc tgg ate gac aag tgg ttc tgg cgc ggc tat 816 
Val Pro lie Val Gin Arg Trp lie Asp Lys Trp Phe Trp Arg Gly Tyr 

260 265 270 

egg ctg ttg age ate gtg gcc atg atg cag gac tac atg ctg ccc aac 864 
Arg Leu Leu Ser lie Val Ala Met Met Gin Asp Tyr Met Leu Pro Asn 
275 280 285 

egg gtg atg age tgg cgc gag age tgg gag atg tac gtc gag cag aac 912 
Arg Val Met Ser Trp Arg Glu Ser Trp Glu Met Tyr Val Glu Gin Asn 
290 295 300 

ggc ggc gcg ctg ttc aag gat ctt gcg cgt tat ggc ate cgc aag ccc 960 
Gly Gly Ala Leu Phe Lys Asp Leu Ala Arg Tyr Gly lie Arg Lys Pro 
305 310 315 320 

aag ggc tgg gac cag get tgc gaa ggc aag gac cac ate age cat cag 1008 
Lys Gly Trp Asp Gin Ala Cys Glu Gly Lys Asp His lie Ser His Gin 

325 330 335 

ace ttc gcc gta ttc tat aac tat aac gcc gcg gcc ccc ate cac acc 1056 
Thr Phe Ala Val Phe Tyr Asn Tyr Asn Ala Ala Ala Pro lie His Thr 

340 345 350 

tgg gtt ccc aca aaa gaa gaa atg gga tgg ctg teg gag aag tac ccc 1104 
Trp Val Pro Thr Lys Glu Glu Met Gly Trp Leu Ser Glu Lys Tyr Pro 
355 360 365 

gag acg ttc gac aag tat tac cgt ccg cgt tgg gac tac tgg cgc gag 1152 
Glu Thr Phe Asp Lys Tyr Tyr Arg Pro Arg Trp Asp Tyr Trp Arg Glu 
370 375 380 

cag gcc gcc aag ggc aac cgt ttc tac aac aag acg ctg ccg atg etc 1200 
Gin Ala Ala Lys Gly Asn Arg Phe Tyr Asn Lys Thr Leu Pro Met Leu 
385 390 395 400 



tgc act acc tgc cag att ccg atg ata ttc acc gag cct ggc gac gca 
Cys Thr Thr Cys Gin lie Pro Met lie Phe Thr Glu Pro Gly Asp Ala 



1248 



47 

405 410 415 

acc aag ate tgc tat cgc gag teg gee tac etc ggc gac aag tat cac 1296 
Thr Lys lie Cys Tyr Arg Glu Ser Ala Tyr Leu Gly Asp Lys Tyr His 

420 425 430 

ttc tgc age gac cac tgc aag gag att ttt gac aac gaa ccc gaa aag 13 44 

Phe Cys Ser Asp His Cys Lys Glu lie Phe Asp Asn Glu Pro Glu Lys 
435 440 445 

ttc gtg cag tea tgg ctt ccg ccg cag caa gtg tat caa gga aac tgt 13 92 

Phe Val Gin Ser Trp Leu Pro Pro Gin Gin Val Tyr Gin Gly Asn Cys 
450 455 460 

ttc aag ccg gat gee gat ccg acc aag gag ggt ttt gat ccc ttg atg 1440 
Phe Lys Pro Asp Ala Asp Pro Thr Lys Glu Gly Phe Asp Pro Leu Met 
465 470 475 480 

gee ttg etc gac tac tac aac ctg aat gta ggc egg gac aac ttc gat 14 88 

Ala Leu Leu Asp Tyr Tyr Asn Leu Asn Val Gly Arg Asp Asn Phe Asp 

485 490 495 

ttc gag gga teg gaa gac caa aag aac ttt get gee tgg cgt gga gag 153 6 

Phe Glu Gly Ser Glu Asp Gin Lys Asn Phe Ala Ala Trp Arg Gly Glu 

500 505 510 

gtc ttg caa gga gaa gee aaa tga 1560 
Val Leu Gin Gly Glu Ala Lys 
515 



<210> 28 
<211> 519 
<212> PRT 

<213> Burkholderia cepacia 
<400> 28 

Met Asp Thr Ser Val Gin Lys Lys Lys Leu Gly Leu Lys Asn Arg Tyr 
15 10 15 

Ala Ala Met Thr Arg Gly Leu Gly Trp Gin Thr Ser Tyr Gin Pro Met 

20 25 30 

Glu Lys val Phe Pro Tyr Asp Lys Tyr Glu Gly lie Lys lie His Asp 
35 40 45 

Trp Asp Lys Trp Glu Asp Pro Phe Arg Leu Thr Met Asp Ala Tyr Trp 
50 55 60 

Lys Tyr Gin Gly Glu Lys Glu Lys Lys Leu Tyr Ala Val lie Asp Ala 
65 70 75 80 

Phe Ala Gin Asn Asn Gly Gin Leu Ser lie Ser Asp Ala Arg Tyr Val 

85 90 95 

Asn Ala Leu Lys Val Phe lie Gin Gly Val Thr Pro Leu Glu Tyr Met 

100 105 110 

Ala His Arg Gly Phe Ala His He Gly Arg His Phe Thr Gly Glu Gly 
115 120 125 

Ala Arg Val Ala Cys Gin Met Gin Ser He Asp Glu Leu Arg His Phe 
130 135 140 

Gin Thr Glu Met His Ala Leu Ser His Tyr Asn Lys Tyr Phe Asn Gly 
145 150 155 160 

Leu His Asn Ser He His Trp Tyr Asp Arg Val Trp Tyr Leu Ser Val 

165 170 175 

Pro Lys Ser Phe Phe Glu Asp Ala Ala Thr Gly Gly Pro Phe Glu Phe 

180 185 190 

Leu Thr Ala Val Ser Phe Ser Phe Glu Tyr Val Leu Thr Asn Leu Leu 
195 200 205 
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Phe Val Pro Phe Met Ser Gly Ala Ala Tyr Asn Gly Asp Met Ser Thr 
210 215 220 

Val Thr Phe Gly Phe Ser Ala Gin Ser Asp Glu Ser Arg His Met Thr 
225 230 235 240 

Leu Gly lie Glu Cys He Lys Phe Met Leu Glu Gin Asp Pro Asp Asn 

245 250 255 

Val Pro He Val Gin Arg Trp He Asp Lys Trp Phe Trp Arg Gly Tyr 

260 265 270 

Arg Leu Leu Ser He Val Ala Met Met Gin Asp Tyr Met Leu Pro Asn 
275 280 285 

Arg Val Met Ser Trp Arg Glu Ser Trp Glu Met Tyr Val Glu Gin Asn 
290 295 300 

Gly Gly Ala Leu Phe Lys Asp Leu Ala Arg Tyr Gly He Arg Lys Pro 
305 310 315 320 

Lys Gly Trp Asp Gin Ala Cys Glu Gly Lys Asp His He Ser His Gin 

325 330 335 

Thr Phe Ala Val Phe Tyr Asn Tyr Asn Ala Ala Ala Pro He His Thr 

340 345 350 

Trp Val Pro Thr Lys Glu Glu Met Gly Trp Leu Ser Glu Lys Tyr Pro 
355 360 365 

Glu Thr Phe Asp Lys Tyr Tyr Arg Pro Arg Trp Asp Tyr Trp Arg Glu 
370 375 380 

Gin Ala Ala Lys Gly Asn Arg Phe Tyr Asn Lys Thr Leu Pro Met Leu 
385 390 395 400 

Cys Thr Thr Cys Gin He Pro Met He Phe Thr Glu Pro Gly Asp Ala 

405 410 415 

Thr Lys He Cys Tyr Arg Glu Ser Ala Tyr Leu Gly Asp Lys Tyr His 

420 425 430 

Phe Cys Ser Asp His Cys Lys Glu He Phe Asp Asn Glu Pro Glu Lys 
435 440 445 

Phe Val Gin Ser Trp Leu Pro Pro Gin Gin Val Tyr Gin Gly Asn Cys 
450 455 460 

Phe Lys Pro Asp Ala Asp Pro Thr Lys Glu Gly Phe Asp Pro Leu Met 
465 470 475 480 

Ala Leu Leu Asp Tyr Tyr Asn Leu Asn Val Gly Arg Asp Asn Phe Asp 

485 490 495 

Phe Glu Gly Ser Glu Asp Gin Lys Asn Phe Ala Ala Trp Arg Gly Glu 

500 505 510 

Val Leu Gin Gly Glu Ala Lys 
515 



<210> 29 

<211> 996 

<212> DNA 

<213> Burkholderia cepacia 



<220> 

<221> CDS 

<222> (1) . . (996) 

<400> 29 

atg acc ate gat ttg aag acg egg gaa ate aaa cca ctg cgt cac ace 

Met Thr He Asp Leu Lys Thr Arg Glu He Lys Pro Leu Arg His Thr 
15 10 15 
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tac acg cac gtg get caa tac ate ggg gec gat aaa gec get teg cgc 96 
Tyr Thr His Val Ala Gin Tyr lie Gly Ala Asp Lys Ala Ala Ser Arg 

20 25 30 

tat cag gaa ggc act gta ggt get caa ccc gca gcg aat ttt cat tac 144 
Tyr Gin Glu Gly Thr Val Gly Ala Gin Pro Ala Ala Asn Phe His Tyr 
35 40 45 

egg ccc acg tgg gat ccc gag cat gaa ctg ttc gac acg teg cgt ace 192 
Arg Pro Thr Trp Asp Pro Glu His Glu Leu Phe Asp Thr Ser Arg Thr 
50 55 60 

gcg att caa atg aag gac tgg tat gcg ctg aaa gac ccg cgt cag ttc 240 
Ala lie Gin Met Lys Asp Trp Tyr Ala Leu Lys Asp Pro Arg Gin Phe 
65 70 75 80 

tac tac gcg teg tgg acg atg ace cga gcg egg cag caa gac gcg atg 288 
Tyr Tyr Ala Ser Trp Thr Met Thr Arg Ala Arg Gin Gin Asp Ala Met 

85 90 95 

gaa tec aac ttc gag ttt gtc gag teg cgc ggc atg ate gat etc gtt 336 
Glu Ser Asn Phe Glu Phe Val Glu Ser Arg Gly Met lie Asp Leu Val 

100 105 110 

tec gat gag gtt cga caa egg gcg ctt tec gtt etc gtg cct ttg cgt 384 
Ser Asp Glu Val Arg Gin Arg Ala Leu Ser Val Leu Val Pro Leu Arg 
115 120 125 

cac gcg gee tgg ggc gcg aac atg aac aac tec cag ate tgt gec eta 43 2 

His Ala Ala Trp Gly Ala Asn Met Asn Asn Ser Gin lie Cys Ala Leu 
130 135 140 

ggt tat ggc acg ace ttc act gcg ccg get atg ttc cac gca atg gac 480 
Gly Tyr Gly Thr Thr Phe Thr Ala Pro Ala Met Phe His Ala Met Asp 
145 150 155 160 

aat ctg ggt gta gcg cag tat etc aca cga ctg gcg ctg gta atg tct 528 
Asn Leu Gly Val Ala Gin Tyr Leu Thr Arg Leu Ala Leu Val Met Ser 

165 170 175 

gga ccc gat ctt ctt gac gaa gec aag caa gee tgg atg acg agt ccc 57 6 

Gly Pro Asp Leu Leu Asp Glu Ala Lys Gin Ala Trp Met Thr Ser Pro 

180 185 190 

gat tgg caa ccg ttg cgt cgt tat gtg gaa aac act ctg gtg ctg caa 624 
Asp Trp Gin Pro Leu Arg Arg Tyr Val Glu Asn Thr Leu Val Leu Gin 
195 200 205 

gat ccg gtg gaa ctg ttc ate gec caa aat ctg gcg etc gac ggt ctt 672 
Asp Pro Val Glu Leu Phe lie Ala Gin Asn Leu Ala Leu Asp Gly Leu 
210 215 220 

ctt tat ccc atg ate tac ggc get ttc gtc gac gat tac ate gca etc 720 
Leu Tyr Pro Met lie Tyr Gly Ala Phe Val Asp Asp Tyr lie Ala Leu 
225 230 235 240 

aac ggt ggt age gca gtg gca atg eta ace act ttc atg ccc gag tgg 768 
Asn Gly Gly Ser Ala Val Ala Met Leu Thr Thr Phe Met Pro Glu Trp 

245 250 255 

cat gac gaa tec agt cgc tgg gtc gat gcg gta gta aag ace atg gcg 816 
His Asp Glu Ser Ser Arg Trp Val Asp Ala Val Val Lys Thr Met Ala 

260 265 270 

acg gaa teg gag gat aac aaa gcg ctg etc att cac tgg ttg cgt ace 8 64 

Thr Glu Ser Glu Asp Asn Lys Ala Leu Leu lie His Trp Leu Arg Thr 
275 280 285 

tgg gaa gat cag gcg gcg tea gcg ttg ttg cct gtc get gaa atg get 912 
Trp Glu Asp Gin Ala Ala Ser Ala Leu Leu Pro Val Ala Glu Met Ala 
290 295 300 



ttg gcg gaa aac ggc cac gac gee ttg gaa gaa gta agg cag caa ctt 
Leu Ala Glu Asn Gly His Asp Ala Leu Glu Glu Val Arg Gin Gin Leu 
305 310 315 320 



960 
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cgt gcc cgc gtt gcg aag gcc ggg att gtt ctg taa 
Arg Ala Arg Val Ala Lys Ala Gly lie Val Leu 

325 330 



<210> 30 
<211> 331 
<212> PRT 

<213> Burkholderia cepacia 
<400> 30 

Met Thr lie Asp Leu Lys Thr Arg Glu lie Lys Pro Leu Arg His Thr 
15 10 15 

Tyr Thr His Val Ala Gin Tyr lie Gly Ala Asp Lys Ala Ala Ser Arg 

20 25 30 

Tyr Gin Glu Gly Thr Val Gly Ala Gin Pro Ala Ala Asn Phe His Tyr 
35 . 40 45 

Arg Pro Thr Trp Asp Pro Glu His Glu Leu Phe Asp Thr Ser Arg Thr 
50 55 60 

Ala lie Gin Met Lys Asp Trp Tyr Ala Leu Lys Asp Pro Arg Gin Phe 
65 70 75 80 

Tyr Tyr Ala Ser Trp Thr Met Thr Arg Ala Arg Gin Gin Asp Ala Met 

85 90 95 

Glu Ser Asn Phe Glu Phe Val Glu Ser Arg Gly Met lie Asp Leu Val 

100 105 110 

Ser Asp Glu Val Arg Gin Arg Ala Leu Ser Val Leu Val Pro Leu Arg 
115 120 125 

His Ala Ala Trp Gly Ala Asn Met Asn Asn Ser Gin lie Cys Ala Leu 
130 135 140 

Gly Tyr Gly Thr Thr Phe Thr Ala Pro Ala Met Phe His Ala Met Asp 
145 150 155 160 

Asn Leu Gly Val Ala Gin Tyr Leu Thr Arg Leu Ala Leu Val Met Ser 

165 170 175 

Gly Pro Asp Leu Leu Asp Glu Ala Lys Gin Ala Trp Met Thr Ser Pro 

180 185 190 

Asp Trp Gin Pro Leu Arg Arg Tyr Val Glu Asn Thr Leu Val Leu Gin 
195 200 205 

Asp Pro Val Glu Leu Phe lie Ala Gin Asn Leu Ala Leu Asp Gly Leu 
210 215 220 

Leu Tyr Pro Met lie Tyr Gly Ala Phe Val Asp Asp Tyr lie Ala Leu 
225 230 235 240 

Asn Gly Gly Ser Ala Val Ala Met Leu Thr Thr Phe Met Pro Glu Trp 

245 250 255 

His Asp Glu Ser Ser Arg Trp Val Asp Ala Val Val Lys Thr Met Ala 

260 265 270 

Thr Glu Ser Glu Asp Asn Lys Ala Leu Leu lie His Trp Leu Arg Thr 
275 280 285 

Trp Glu Asp Gin Ala Ala Ser Ala Leu Leu Pro Val Ala Glu Met Ala 
290 295 300 

Leu Ala Glu Asn Gly His Asp Ala Leu Glu Glu Val Arg Gin Gin Leu 
305 310 315 320 

Arg Ala Arg Val Ala Lys Ala Gly lie Val Leu 

325 330 
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<210> 31 

<211> 357 

<212> DNA 

<213> Burkholderia cepacia 



<220> 

<221> CDS 

<222> (1) . . (357) 

<400> 31 

atg age gtt gtt gec etc aaa ccc tac aag ttc ccg gca cga gac gcg 4 8 

Met Ser Val Val Ala Leu Lys Pro Tyr Lys Phe Pro Ala Arg Asp Ala 
15 10 15 

cgc gaa aac ttt ccg gcg ccg ttg ctg ttt ate ggc tgg gaa gac cat 96 
Arg Glu Asn Phe Pro Ala Pro Leu Leu Phe lie Gly Trp Glu Asp His 

20 25 30 

ctg ttg ttt gcg gca cct gtt gec ttg ccc ctg ccg teg gac acg ttg 144 
Leu Leu Phe Ala Ala Pro Val Ala Leu Pro Leu Pro Ser Asp Thr Leu 
35 40 45 

ttc ggt gcg ctg tgc acc cag gtg ttg ccc ggc act tat ggc tat cac 192 
Phe Gly Ala Leu Cys Thr Gin Val Leu Pro Gly Thr Tyr Gly Tyr His 
50 55 60 

ccc gat ttc tea aag ate gac tgg age cag gtg cag tgg ttt aag tec 240 
Pro Asp Phe Ser Lys lie Asp Trp Ser Gin Val Gin Trp Phe Lys Ser 
65 70 75 80 

ggc cag ccg tgg cat ccc gac ccg gcg aag teg ctg get gaa aac ggt 288 
Gly Gin Pro Trp His Pro Asp Pro Ala Lys Ser Leu Ala Glu Asn Gly 

85 90 95 

ctg acg cac aaa gac gtg ate cgc ttt cgc acg cct ggc ttg aac ggt 336 
Leu Thr His Lys Asp Val lie Arg Phe Arg Thr Pro Gly Leu Asn Gly 

100 105 110 

ctg age ggt tec tgc aat tga 3 57 

Leu Ser Gly Ser Cys Asn 
115 



<210> 32 
<211> 118 
<212> PRT 

<213> Burkholderia cepacia 
<400> 32 

Met Ser Val Val Ala Leu Lys Pro Tyr Lys Phe Pro Ala Arg Asp Ala 
15 10 15 

Arg Glu Asn Phe Pro Ala Pro Leu Leu Phe lie Gly Trp Glu Asp His 

20 25 30 

Leu Leu Phe Ala Ala Pro Val Ala Leu Pro Leu Pro Ser Asp Thr Leu 
35 40 45 

Phe Gly Ala Leu Cys Thr Gin Val Leu Pro Gly Thr Tyr Gly Tyr His 
50 55 60 

Pro Asp Phe Ser Lys lie Asp Trp Ser Gin Val Gin Trp Phe Lys Ser 
65 70 75 80 

Gly Gin Pro Trp His Pro Asp Pro Ala Lys Ser Leu Ala Glu Asn Gly 

85 90 95 

Leu Thr His Lys Asp Val lie Arg Phe Arg Thr Pro Gly Leu Asn Gly 

100 105 110 



Leu Ser Gly Ser Cys Asn 
115 
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<210> 33 

<211> 1143 

<212> DNA 
<213> Bacillus stearothermophilus 



<220> 

<221> CDS 

<222> (1) . . (1143) 

<400> 33 

atg gaa aaa aat aaa atg tta ata gaa gaa aag ttg gac act get get 4 8 

Met Glu Lys Asn Lys Met Leu lie Glu Glu Lys Leu Asp Thr Ala Ala 
1 5 10 15 

ctt ctt get aag gcg gag gaa ata ggc egg att get gag gaa gag gcg 96 
Leu Leu Ala Lys Ala Glu Glu lie Gly Arg lie Ala Glu Glu Glu Ala 

20 25 30 

ggt gaa gcg gac cgc aat gec tgt ttc tec gac egg gtg get agg gee 144 
Gly Glu Ala Asp Arg Asn Ala Cys Phe Ser Asp Arg Val Ala Arg Ala 
35 40 45 

att aaa gaa get gga ttc cac aag etc atg cgt ccc aag cag tac gga 192 
lie Lys Glu Ala Gly Phe His Lys Leu Met Arg Pro Lys Gin Tyr Gly 
50 55 60 

gga ctg caa gta gac ttg cga act tac ggg gag att gtc cgc aca gtg 24 0 

Gly Leu Gin Val Asp Leu Arg Thr Tyr Gly Glu lie Val Arg Thr Val 
65 70 75 80 

gee egg tac agt gtt gee gca gga tgg ctg ace tat ttt tat tec atg 288 
Ala Arg Tyr Ser Val Ala Ala Gly Trp Leu Thr Tyr Phe Tyr Ser Met 

85 90 95 

cat gag gtt tgg get gca tat ctg cct cca aaa ggc aga gaa gaa att 33 6 

His Glu Val Trp Ala Ala Tyr Leu Pro Pro Lys Gly Arg Glu Glu lie 

100 105 110 

ttt gga caa gga ggg ctg ttg gca gac gtc gtt gec cct gtt ggc egg 3 84 

Phe Gly Gin Gly Gly Leu Leu Ala Asp Val Val Ala Pro Val Gly Arg 
115 120 125 

gtg gag aag gac ggg gac ggc tac cgt etc tat ggg cag tgg aac ttc 43 2 

Val Glu Lys Asp Gly Asp Gly Tyr Arg Leu Tyr Gly Gin Trp Asn Phe 
130 135 140 

tgt age ggt gtc etc cat agt gac tgg ate gga ctt ggc gee atg atg 4 80 

Cys Ser Gly Val Leu His Ser Asp Trp lie Gly Leu Gly Ala Met Met 
145 150 155 160 

gag ctg cct gac ggc aat agt cct gag tac tgt ttg tta gtg ctg cct 528 
Glu Leu Pro Asp Gly Asn Ser Pro Glu Tyr Cys Leu Leu Val Leu Pro 

165 170 175 

aag teg gat gtc cag ate gta gaa aat tgg gat acc atg ggc etc cgc 576 
Lys Ser Asp Val Gin lie Val Glu Asn Trp Asp Thr Met Gly Leu Arg 

180 185 190 

get teg gga age aac ggg gta tta gtt gaa ggt get tat gtt cca tta 624 
Ala Ser Gly Ser Asn Gly Val Leu Val Glu Gly Ala Tyr Val Pro Leu 
195 200 205 

cac egg ate ttt ccg get ggc egg gtg atg get cat ccg ctt ttc ttg 672 
His Arg lie Phe Pro Ala Gly Arg Val Met Ala His Pro Leu Phe Leu 
210 215 220 

ctt ggg ttc cct tta gta tct tta ggc ggc gac gaa cga ttg gtg tea 720 
Leu Gly Phe Pro Leu Val Ser Leu Gly Gly Asp Glu Arg Leu Val Ser 
225 230 235 240 



ctt ttc caa gaa cgc act gag aag cgc att cgt gtc ttc aaa ggc ggc 
Leu Phe Gin Glu Arg Thr Glu Lys Arg lie Arg Val Phe Lys Gly Gly 

245 250 255 



768 
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gcg aaa gaa aag gat tct gcc get age cag egg ctg tta gee gag atg 816 
Ala Lys Glu Lys Asp Ser Ala Ala Ser Gin Arg Leu Leu Ala Glu Met 

260 265 270 

aaa aca gaa tta aat gca atg gaa ggc att gtg gaa caa tat ate cgc 8 64 

Lys Thr Glu Leu Asn Ala Met Glu Gly lie Val Glu Gin Tyr lie Arg 
275 280 285 

cag ctt gag get tgc caa aaa gaa gga aag acg gtg atg aac gat atg 912 
Gin Leu Glu Ala Cys Gin Lys Glu Gly Lys Thr Val Met Asn Asp Met 
290 295 300 

gag cga gag cag eta ttc gca tgg cgt gga tat gtg gca aaa gcg tec 960 
Glu Arg Glu Gin Leu Phe Ala Trp Arg Gly Tyr Val Ala Lys Ala Ser 
305 310 315 320 

gcc aat att gcc gtc aga aca ctg tta act ctt gga ggc aat teg ate 1008 
Ala Asn lie Ala Val Arg Thr Leu Leu Thr Leu Gly Gly Asn Ser lie 

325 330 335 

ttt aaa ggc gat ccg gta gaa ctg ttc aca aga gat ttg eta gcg gtg 1056 
Phe Lys Gly Asp Pro Val Glu Leu Phe Thr Arg Asp Leu Leu Ala Val 

340 345 350 

gcc gca cat cct aac tec ctg tgg gag gat gcg atg get gca tat gga 1104 
Ala Ala His Pro Asn Ser Leu Trp Glu Asp Ala Met Ala Ala Tyr Gly 
355 360 365 

aga acg ata ttc ggg ctg cca ggg gac cca gtc tgg taa 114 3 

Arg Thr lie Phe Gly Leu Pro Gly Asp Pro Val Trp 
370 375 380 



<210> 34 

<211> 380 

<212> PRT 

<213> Bacillus stearothermophilus 

<400> 34 

Met Glu Lys Asn Lys Met Leu lie Glu Glu Lys Leu Asp Thr Ala Ala 
1 5 10 15 

Leu Leu Ala Lys Ala Glu Glu lie Gly Arg lie Ala Glu Glu Glu Ala 

20 25 30 

Gly Glu Ala Asp Arg Asn Ala Cys Phe Ser Asp Arg Val Ala Arg Ala 
35 40 45 

lie Lys Glu Ala Gly Phe His Lys Leu Met Arg Pro Lys Gin Tyr Gly 
50 55 60 

Gly Leu Gin Val Asp Leu Arg Thr Tyr Gly Glu lie Val Arg Thr Val 
65 70 75 80 

Ala Arg Tyr Ser Val Ala Ala Gly Trp Leu Thr Tyr Phe Tyr Ser Met 

85 90 95 

His Glu Val Trp Ala Ala Tyr Leu Pro Pro Lys Gly Arg Glu Glu lie 

100 105 110 

Phe Gly Gin Gly Gly Leu Leu Ala Asp Val Val Ala Pro Val Gly Arg 
115 120 125 

Val Glu Lys Asp Gly Asp Gly Tyr Arg Leu Tyr Gly Gin Trp Asn Phe 
130 135 140 

Cys Ser Gly Val Leu His Ser Asp Trp lie Gly Leu Gly Ala Met Met 
145 150 155 160 

Glu Leu Pro Asp Gly Asn Ser Pro Glu Tyr Cys Leu Leu Val Leu Pro 

165 170 175 



Lys Ser Asp Val Gin He Val Glu Asn Trp Asp Thr Met Gly Leu Arg 

180 185 190 
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Ala Ser Gly Ser Asn Gly Val Leu Val Glu Gly Ala Tyr Val Pro Leu 
195 200 205 

His Arg lie Phe Pro Ala Gly Arg Val Met Ala His Pro Leu Phe Leu 
210 215 220 

Leu Gly Phe Pro Leu Val Ser Leu Gly Gly Asp Glu Arg Leu Val Ser 
225 230 235 240 

Leu Phe Gin Glu Arg Thr Glu Lys Arg lie Arg Val Phe Lys Gly Gly 

245 250 255 

Ala Lys Glu Lys Asp Ser Ala Ala Ser Gin Arg Leu Leu Ala Glu Met 

260 265 270 

Lys Thr Glu Leu Asn Ala Met Glu Gly lie Val Glu Gin Tyr lie Arg 
275 280 285 

Gin Leu Glu Ala Cys Gin Lys Glu Gly Lys Thr Val Met Asn Asp Met 
290 295 300 

Glu Arg Glu Gin Leu Phe Ala Trp Arg Gly Tyr Val Ala Lys Ala Ser 
305 310 315 320 

Ala Asn lie Ala Val Arg Thr Leu Leu Thr Leu Gly Gly Asn Ser lie 

325 330 335 

Phe Lys Gly Asp Pro Val Glu Leu Phe Thr Arg Asp Leu Leu Ala Val 

340 345 350 

Ala Ala His Pro Asn Ser Leu Trp Glu Asp Ala Met Ala Ala Tyr Gly 
355 360 365 

Arg Thr lie Phe Gly Leu Pro Gly Asp Pro Val Trp 
370 375 380 



<210> 35 

<211> 1191 

<212> DNA 

<213> Helianthus annuus 



<220> 

<221> CDS 

<222> (1) . . (1191) 

<400> 35 

atg gcg att cgc ate aat acg gcg acg ttt caa tea gac ctg tac cgt 4 8 

Met Ala lie Arg lie Asn Thr Ala Thr Phe Gin Ser Asp Leu Tyr Arg 
15 10 15 

tea ttc gcg ttt cct caa ccg aaa cct etc aga tct ccc aaa ttc gec 96 
Ser Phe Ala Phe Pro Gin Pro Lys Pro Leu Arg Ser Pro Lys Phe Ala 

20 25 30 

atg get tec acc att gga tec get aca acg aag gtt gaa age acc aaa 144 
Met Ala Ser Thr lie Gly Ser Ala Thr Thr Lys Val Glu Ser Thr Lys 
35 40 45 

aag ccc ttt acc cct cca agg gag gtt cac caa cag gtg eta cac tea 192 
Lys Pro Phe Thr Pro Pro Arg Glu Val His Gin Gin Val Leu His Ser 
50 55 60 

atg ccg cca caa aag ate gaa ate ttc aaa tec atg gag ggt tgg gee 24 0 

Met Pro Pro Gin Lys lie Glu lie Phe Lys Ser Met Glu Gly Trp Ala 
65 70 75 80 

gaa aat aac ata ttg gtt cac eta aag cct gtc gaa aaa tgc tgg caa 288 
Glu Asn Asn lie Leu Val His Leu Lys Pro Val Glu Lys Cys Trp Gin 

85 90 95 



gca cag gat ttc eta cca gat ccc gca tct gac gga ttt atg gaa caa 336 
Ala Gin Asp Phe Leu Pro Asp Pro Ala Ser Asp Gly Phe Met Glu Gin 

100 105 110 
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gtg gag gaa tta egg get egg get aag gag att ccg gat gat tac ttt 3 84 

Val Glu Glu Leu Arg Ala Arg Ala Lys Glu lie Pro Asp Asp Tyr Phe 
115 120 125 

gtt gtt ttg gtt gga gat atg att act gaa gaa gca ctg cct act tac 432 
Val Val Leu Val Gly Asp Met lie Thr Glu Glu Ala Leu Pro Thr Tyr 
130 135 140 

caa aca atg ctt aat act ctt gat ggt gtg cgt gat gag acc ggg get 480 
Gin Thr Met Leu Asn Thr Leu Asp Gly Val Arg Asp Glu Thr Gly Ala 
145 150 155 160 

acc eta ctt ctt ggg eta gtc tgg act egg get tgg acc get gaa gaa 52 8 

Thr Leu Leu Leu Gly Leu Val Trp Thr Arg Ala Trp Thr Ala Glu Glu 

165 170 175 

aac agg cac ggt gat ctt eta cat cag tat ctg tat ctt agt ggg egg 576 
Asn Arg His Gly Asp Leu Leu His Gin Tyr Leu Tyr Leu Ser Gly Arg 

180 185 190 

gtc gac atg agg cag att cag aag aca att cag tac etc att ggg tct 624 
Val Asp Met Arg Gin lie Gin Lys Thr lie Gin Tyr Leu lie Gly Ser 
195 200 205 

gga atg gac ccc egg acc gaa aac agt cct tac ctt ggg ttc ate tac 672 
Gly Met Asp Pro Arg Thr Glu Asn Ser Pro Tyr Leu Gly Phe He Tyr 
210 215 220 

act tea ttt caa gag cgt gee acc ttc ate tct cac gga aac aca gee 720 
Thr Ser Phe Gin Glu Arg Ala Thr Phe He Ser His Gly Asn Thr Ala 
225 230 235 240 

egg cac gca aag gag cat ggt gac gtg aag ctg get caa atg tgc ggt 768 
Arg His Ala Lys Glu His Gly Asp Val Lys Leu Ala Gin Met Cys Gly 

245 250 255 

ata att gca get gat gaa aaa agg cac gaa acc gee tac aca aaa ata 816 
He He Ala Ala Asp Glu Lys Arg His Glu Thr Ala Tyr Thr Lys lie 

260 265 270 

gta gaa aaa etc ttc gaa att gac ccg gac ggc act gtt etc get ttt 864 
Val Glu Lys Leu Phe Glu He Asp Pro Asp Gly Thr Val Leu Ala Phe 
275 280 285 

gee gac atg atg agg aaa aag ate tec atg cct gca cac ttg atg tac 912 
Ala Asp Met Met Arg Lys Lys He Ser Met Pro Ala His Leu Met Tyr 
290 295 300 

gat ggg cgt gat gat aac etc ttc gaa aat ttc tea get gtt gee caa 960 
Asp Gly Arg Asp Asp Asn Leu Phe Glu Asn Phe Ser Ala Val Ala Gin 
305 310 315 320 

agg etc ggt gtg tac act gcg aag gac tat gca gac att ctg gag ttt 1008 
Arg Leu Gly Val Tyr Thr Ala Lys Asp Tyr Ala Asp He Leu Glu Phe 

325 330 335 

ctg gtg ggc egg tgg aag gtg gcg gat tta acc ggg ctt tct ggt gaa 1056 
Leu Val Gly Arg Trp Lys Val Ala Asp Leu Thr Gly Leu Ser Gly Glu 

340 345 350 

ggg cgt aaa gee caa gac tat gtg tgc ggg ctg gee cca aga ate aga 1104 
Gly Arg Lys Ala Gin Asp Tyr Val Cys Gly Leu Ala Pro Arg He Arg 
355 360 365 

agg ctt gag gag agg aac teg gca agg gcg aag gaa agt gtg aac gtt 115 2 

Arg Leu Glu Glu Arg Asn Ser Ala Arg Ala Lys Glu Ser Val Asn Val 
370 375 380 

ccg ttc age tgg ate ttt gat aga gaa gtg aag etc tga 1191 
Pro Phe Ser Trp He Phe Asp Arg Glu Val Lys Leu 
385 390 395 

<210> 36 

<211> 396 

<212> PRT 

<213> Helianthus annuus 



56 



<400> 36 

Met Ala lie Arg lie Asn Thr Ala Thr Phe Gin Ser Asp Leu Tyr Arg 
15 10 15 

Ser Phe Ala Phe Pro Gin Pro Lys Pro Leu Arg Ser Pro Lys Phe Ala 

20 25 30 

Met Ala Ser Thr lie Gly Ser Ala Thr Thr Lys Val Glu Ser Thr Lys 
35 40 45 

Lys Pro Phe Thr Pro Pro Arg Glu Val His Gin Gin Val Leu His Ser 
50 ' 55 60 

r 

Met Pro Pro Gin Lys lie Glu lie Phe Lys Ser Met Glu Gly Trp Ala 
65 70 75 80 

Glu Asn Asn lie Leu Val His Leu Lys Pro Val Glu Lys Cys Trp Gin 

85 90 95 

Ala Gin Asp Phe Leu Pro Asp Pro Ala Ser Asp Gly Phe Met Glu Gin 

100 105 110 

Val Glu Glu Leu Arg Ala Arg Ala Lys Glu lie Pro Asp Asp Tyr Phe 
115 12 0 12 5 

Val Val Leu Val Gly Asp Met lie Thr Glu Glu Ala Leu Pro Thr Tyr 
130 135 140 

Gin Thr Met Leu Asn Thr Leu Asp Gly Val Arg Asp Glu Thr Gly Ala 
145 150 155 160 

Thr Leu Leu Leu Gly Leu Val Trp Thr Arg Ala Trp Thr Ala Glu Glu 

165 170 175 

Asn Arg His Gly Asp Leu Leu His Gin Tyr Leu Tyr Leu Ser Gly Arg 

180 185 190 

Val Asp Met Arg Gin lie Gin Lys Thr lie Gin Tyr Leu lie Gly Ser 
195 200 205 

Gly Met Asp Pro Arg Thr Glu Asn Ser Pro Tyr Leu Gly Phe lie Tyr 
210 215 220 

Thr Ser Phe Gin Glu Arg Ala Thr Phe lie Ser His Gly Asn Thr Ala 
225 230 235 240 

Arg His Ala Lys Glu His Gly Asp Val Lys Leu Ala Gin Met Cys Gly 

245 250 255 

lie lie Ala Ala Asp Glu Lys Arg His Glu Thr Ala Tyr Thr Lys lie 

260 265 270 

Val Glu Lys Leu Phe Glu lie Asp Pro Asp Gly Thr Val Leu Ala Phe 
275 280 285 

Ala Asp Met Met Arg Lys Lys lie Ser Met Pro Ala His Leu Met Tyr 
290 295 300 

Asp Gly Arg Asp Asp Asn Leu Phe Glu Asn Phe Ser Ala Val Ala Gin 
305 310 315 320 

Arg Leu Gly Val Tyr Thr Ala Lys Asp Tyr Ala Asp lie Leu Glu Phe 

325 330 335 

Leu Val Gly Arg Trp Lys Val Ala Asp Leu Thr Gly Leu Ser Gly Glu 

340 345 350 

Gly Arg Lys Ala Gin Asp Tyr Val Cys Gly Leu Ala Pro Arg lie Arg 
355 360 365 

Arg Leu Glu Glu Arg Asn Ser Ala Arg Ala Lys Glu Ser Val Asn Val 
370 375 380 



Pro Phe Ser Trp He Phe Asp Arg Glu Val Lys Leu 



385 



390 



395 



